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Mad World 


> Horror WEAPONS are no guarantee against war. Since the object of each 
side is to kill as many of the enemy as possible with the least loss of its own 
men, those weapons are employed which will achieve that objective most eco- 
nomically. There is a widely help opinion that poison gas was not used in 
World War II for fear of retaliation. This, however, is not the military point 
of view. Poison gas was effective against men immobilized in trenches in 1917. 
In 1940, high explosives dropped from airplanes did more damage to military 
objectives with ‘smaller losses to the attacking forces. Efficiency is still the 
watchword, even tho the goal is death. 


The new nerve gases, which have not yet been used in combat, came from 
an extension of poison gas research. They have, however, several new features. 
Instead of burning the skin and destroying the mucous membranes which 
protect the body tissues from injury and infection, as did chlorine and the 
“improvements” on it in World War I, the new gases take an active part in 
disrupting the processes of life. 


Organic phosphates are the basis of the nerve gases, whose exact formulas 
are secret, and of their non-secret relative, the insecticide parathion. Their 
action is to upset the body’s system of checks and balances. Enzymes which 
remove waste products are inhibited, and the body is poisoned by its own 
chemicals. The result affects peculiarly the brain and nervous system, so that 


the behavior of the victims resembles the crazy gyrations of a fly sprayed with 
DDT. Madness gas is perhaps all too appropriate to the world which has used 
our newer understanding of life processes to create it. 
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> ParaTHION, phosphorus-containing insecticide, which is a close relative of the 
military “nerve gases,” demands special gas masks and protective clothing for 


workers who handle it. 


Disruption of the body's ability to use an enzyme 


essential to normal nerve function is parathion’s method of poisoning. 


~ Madness Gases 


> NERVE GASEs—“madness” gases they 
can be called—are horrible weapons 
as much to be feared as the atom 
bomb. The public has heard little 
about the nerve gases. The facts about 
them have been kept more secret than 
atomic weapons. 

Even the German researches that 
gave birth to this monster in World 
War II are tied up in strict secrecy, 
despite our knowledge that the Rus- 
sians have full information on the Ger- 
man gas, Tabun, and have captured 
Cerman experts who are aiding their 
own chemical warfare specialists. 


Whether Russia or the U. S. is 
ahead in this grim race is unknown. 
Without question scientists in the lab- 
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oratories of both nations are hard 
at work. So far as known there has 
never been actual trial in warfare for 
this superchemical weapon. But what 
is known about the experiments that 
have been conducted causes real ap- 
prehension should any nation use this 
class of chemicals as a weapon. 

Other poison chemicals have been 
used in war, beginning with the in- 
troduction of chlorine by the Germans 
in the first World War. Germ war- 
fare was used, if we are to believe 
some stories, by the Japanese in Man- 
churia. 

But the nerve gases have not had 
their baptism of actual military use, 
thanks presumably to not being ready 


‘ 
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for use. Or thanks to the chemical 
warfare stalemate that existed in the 
Second World War. In that conflict 
both sides were ready with vast dumps 
of deadly gas behind their lines, 
neutralized in effect by the fear of 
sure retaliation by the enemy if poison 
gas were used. There was one other 
deterent: High explosives can do more 
damage to the enemy than the same 
amount of conventional poison gas 
with greater safety to one’s own 
troops. 


But the newer nerve gases are some- 
thing else again. So little of them is 
needed to be effective that they may 
prove to be even more useful for 
destruction than TNT and RDX ex- 
plosives. They may do a kind of 
job that even atomic bombs will not 
do. For they might kill or disable 
large parts of the human and animal 
population and leave great cities and 
the countryside essentially unscathed 
for future use by the enemy. Among 
chemical agents only the nerve gases 
seem likely to offer our potential ene- 
mies effective weapons for long-range 
attack. 


In official government information 
about civil defense so far published 
only one form of chemical warfare is 
given any prominence — the nerve 
gases. 

“The nerve gases are more toxic 
than any previously known war 
gases,” the official publication states. 
“They are nearly colorless and odor- 
less. They are liquids which yield 
toxic vapors when they evaporate. 
Since most of the chemical would be 
laid down on or near the ground, the 
highest concentration would be near 
the ground.” 

Some of the nerve gases, the official 


information reveals, are persistent and 
others are relatively nonpersistent. 


The nerve gases may be absorbed 
into the body through breathing them 
into the lungs. They can also get 
through the skin and particularly in 
the eyes. If saliva is contaminated 
with them, it can be swallowed with 
dangerous results. 


The symptoms produced by these 
war gases depend upon the amounts 
absorbed. The action is prompt and 
treatment must be speedy in order to 
save a victim. If a high concentration 
is breathed for a few seconds, death 
occurs. Exposure even to traces of 
their vapors causes marked constric- 
tion of the pupils of the eyes. The 
bronchial tubes become constricted, 
there is sudden difficulty in breathing 
accompanied by coughing, shortness 
of breath and watery discharge from 
the nose. 


A slightly greater exposure causes 
painful constriction of the focusing 
muscles of the eyes. There is pain 
when the person afflicted tries to 
focus his eyes and often bright light 
is painful. 

Severe exposure causes irrational be- 
havior, hence the reference to nerve 
gases as “madness gas.” There is also 
emotional instability, depression, rest- 
lessness and tremor in such case 
Milder cases of nerve gas poisonin 
may show such mental symptoms a 
giddiness, tension, anxiety, insomni 
and excessive dreaming. 


Treatment of nerve gas cases it - 
volves primarily the injection of atr:- 
pine. Civil defense plans will pro! - 
ably include making available ths 
drug, along with the syringes for i: - 
jecting it. 
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If the person becomes ashen and 
blue-lipped due to lack of oxygen, arti- 
hcial respiration is necessary. But the 
usual manual methods such as the 
Eve and Schafer methods, will be in- 
effective as the respiratory muscles of 
the chest and diaphragm are paralyz- 
ed and will not expand after com- 
pression. If a mechanical respirator is 
not available, experts believe that the 
Emerson manual artificial respiration 
might give good results. In this pro- 
cedure, the prone patient’s hips are 
lifted 10 to 12 inches to force air out 
and then lowered to allow air to come 
into the lungs. This may have to be 
continued 45 minutes or more. 

More rigorous protection from 
nerve gases by masks and protective 
clothing is needed than for other war 
gases. Only certain types of gas 
masks are effective and they have to 
be fitted and maintained carefully. 
Impermeable protective clothing, in- 
cluding boots and .gloves, are needed 
to prevent absorption of persistent 
nerve gas through the skin. 


After a nerve gas attack, contami- 
nated skin should be cleaned off with 
alkaline solutions. These may be a 
weak solution of sodium carbonate or 
household ammonia, or even strong 
soap and water. 

The official information distributed 
explains that a single nerve gas bomb 
might not affect seriously unprotected 
persons over a half mile from the 
point hit, but the number of victims 
would be largely dependent upon the 
population density, size of bomb, the 
persistency of the gas, winds, and the 
time of day of the attack. In addi- 
tion, a “reasonable assumption” is 
that probably not more than half of 
the persons in the bombed area might 
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be seriously affected, and adequate 
warning of an attack would reduce 
the number of casualties. 


The nerve gases are chemicals that 
stop the action of an important body 
chemical that is essential to the 
nerves performing their function. This 
nerve chemical is an enzyme called 
cholinesterase. The nerve gases in- 
hibit it and they do this irreversibly. 
This leads to the accumulation in the 
nervous systems of acetylcholine, caus- 
ing symptoms that are similar to those 
of severe nicotine and curare poison- 
ing. 


While their use as war gases is “top 
secret.” some of the nerve gas family 
of chemicals are being used successful- 
ly as chemical weapons in man’s con- 
tinual fight against the insects. With- 
in the past few years, potent insecti- 
cides of this class have been developed 


and used, Parathion, TERP, HETP 
and E-838. 


They are among the most effective 
insecticides so far developed. Even 
though they are dangerous to use, 
they are so useful that it is worth 
while for the men on the big spray 


rigs to run the real risk of applying 
them. 


Just as soldiers and civilian popula- 
tion alike would need to dress in rub- 
ber gloves, boots, hats, rain coats and 
suitable gas masks to withstand a 
nerve gas attack, so the farm workers 
using these newer sprays must pro- 
tect themselves. 


The war against the insects with 
the nerve gas insecticides has had its 
human victims. Several men have 
died each year from parathion poison- 
ing and a dozen or more have been 
made seriously ill, when they did not 
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give themselves proper protection. 
Chemical information about the 
nerve gases is not widely available, 
but they are various organic phos- 
phates. Of the insecticides of this 
class, TERP is chemically tetraethyl 
pyrophosphate, HETP is hexaethyl 
tetraphosphate, and E-838 or Potasan 
is the diethoxy thiophosphoric acid 


Dr. Britton A.C.S. 


>Dr. Epcar C. Britton, director of 
the organic research laboratory of the 
Dow Chemical Company, Midland, 
Mich., and a leader in the develop- 
ment of many new insecticides, weed 
killers and pharmaceuticals, has been 
chosen president-elect of the American 
Chemical Society. He will head the 
Society in 1952. 

President for 1951, the Society’s 
Diamond Jubilee year, will be Dr. N. 
Howell Furman, Russell Wellman 
Moore professor of chemistry in 
Princeton University, who will take 
office on January 1, succeeding Dr. 
Ernest H. Volwiler, president of Ab- 
bott Laboratories, North Chicago, Ill. 

In the 30 years since Dr. Britton 
joined the Dow Chemical Company 
staff, more than 260 patents for new 
synthetic organic chemicals have been 
issued in his name. His contributions 
include improved methods of produc- 
ing carbolic acid and acetic acid as 
well as the development of com- 


ester of 4-methyl-7-hydroxy coumarin. 

If more wide-spread all-out war is 
avoided, the nerve gases may never 
have their trial at killing men, women 
and children, but like the atomic 
bombs and germ warfare they are a 
menace in the hands of nations that 
would be insane enough to use these 
madness gases. 


President for 1952 


pounds for use as insecticides, fungi- 
cides, herbicides, pharmaceuticals, and 
catalysts, or chemical accelerators, for 
the production of the key synthetic 
rubber ingredient butadine from the 
gas butylene. He has been the author 
and co-author of many technical ar- 
ticles on these subjects. 


Dr. Britton was born in Rockville, 
Ind., on October 25, 1891, and studied 
at Wabash College from 1911 to 1914. 
He then transferred to the University 
of Michigan, where he received the 
A.B. degree in 1915 and the Ph.D. in 
1918. He was an instructor in organic 
chemistry there from 1918 until he 
became an organic chemist in the 
Dow Laboratory at Midland. 


Besides heading the company’s or- 
ganic research laboratory, Dr. Britton 
is vice-chairman of the executive re- 
search committee. He also is director 
and secretary of the board of the 
Dow Corning Corporation. 


On the Back Cover 


> Jer assistance took this Fairchild Packet off the ground after a 460-foor 
run on its trial flight at Hagerstown, Maryland. The use of }ATO on tie 
Packets is expected to provide increased performance under extreme condition. 
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Chemists and Biologists Unite 


To Control Many Kinds of Pests 


Insecticides and Fungicides 


by W. H. Tispate 


Grasselli Chemicals Department, E. I. du Pont de Nemours & Co., 
Wilmington, Delaware. 


A paper given at the Meeting of the 
American Association for the Ad- 
vancement of Science at Cleveland, O., 


December 30, 1950. 


>» Tue Losses caused by insects, ro- 
dents, fungi, and other pests, amount 
to many billions of dollars annually 
in this country, in addition to the 
cost of the extensive control measures 
in use. Our modern methods of in- 
tensified agriculture and _ industry 
tend to favor the spread of these pests. 
Means of greatly reducing the losses 
(ue to pests have been developed 
mrough research. To continue to 
reduce these losses, future research 
has an enormous task. Much of the 
outstanding progress in recent years 
in agricultural production and in the 
protection of our stored products, of 
our homes, and of our health can be 
attributed to the control of insects, 
tungi, and other pests. There is much 
yet to be done in this country, and, 
in many parts of the world, the needs 
for better pest control measures are 
much greater than in the United 
States, 


Organized Research 


Until a few decades ago there was 
very little organized research in which 
the chemical and biological phases of 
pest control were considered jointly. 
The biologist in the universities and 
experiment stations worked to a con- 
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siderable extent alone. The user 
bought such toxic agents as were 
available and mixed his own concoc- 
tions. The fly-by-night operator took 
his toll. There were no regulatory 
laws. The remedy was often worse 
than the disease. 


In recent years, progress in all 
phases of pest control has been com- 
paratively rapid. Industry, especially 
the -chemical industry and the appli- 
cator machine manufacturers, have 
joined hands with the State and Fed- 
eral research institutions and the edu- 
cational organizations in research and 
extension programs* leoking toward 
better pest contfol. Their joint ef- 
forts are producing results. Regula- 
tory laws have been very helpful in 
protecting the growers and ethical 
manufacturers. 


Government and Industry 


Industry is thoroughly aware of 
the importance of research to its con- 
tinued progress. Many complications 
are involved. In the everchanging 
field of biology, the useful products 
of today may be headed for the dis- 
card tomorrow. There is always the 
urgent need to improve and maintain 
existing products at a high standard 
of efficiency, and there are many new 
and difficult problems that need solu- 
tion. A progressive industry is not 
satisfied with anything but the best 
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materials and services it can offer to- 
day, and is constantly striving to im- 
prove its products and to find better 
ones for tomorrow. Such progress is 
assured only through well-organized 
and efficiently-managed research and 
development. The industrial organi- 
zations with a wide range of well- 
trained and diversified talent and with 
adequate facilities are in excellent 
position to do efficient research and 
development in this field. 


Some of the chemical companies 
have organized biological units in the 
field of pest control research. Other 
companies arrange with public or 
endowed institutions through fellow- 
ships or grants to do their biological 
research. Both methods may be em- 
ployed effectively insofar as they give 
the chemist and biologist a chance to 
work in close cooperation. The State 
and Federal Government organiza- 
tions generally test and approve the 
products anyway before they go into 
extensive use. 

Entrance of the chemical industry 
into the field of insecticide and fungi- 
cide development is logical. With 
thousands of new chemicals being syn- 
thesized in their laboratories for many 
other possible uses and with an ex- 
cellent array of chemical talent to 
serve where there is a need, all prom- 
ising fields for the effective use of 
chemicals are being considered. The 
purpose of the biological research unit 
in industry is to supplement the work 
of the State and Federal experiment 
stations and other research institu- 
tions and to facilitate progress in pest 
control development. These biologi- 
cal groups are in position to work 
closely with the industrial ‘chemists 
and help screen out from the numer- 
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ous chemicals available those which 
have value for possible pest contro! 
use. This close association of chem- 
ists and biologists keeps the chemist 
abreast of the needs so that he is in 
position to synthesize new and more 
effective compounds. 

The biologists and the chemists 
must have a thorough understanding 
of the many problems that exist in 
their respective fields of pest control. 
They should know the various prod- 
ucts in use, and what their weak and 
strong points are so that they are 
in position to develop better ones. 
The methods of evaluating new com- 
pounds in a search for better prod- 
ucts should be thoroughly under- 
stood and followed from the prelimi- 
nary trial to the final tse stages. The 
biologists and chemists should under- 
stand the biochemical structures and 
functions of pests and of their plant 
and animal hosts, if any, on which 
the products are used. Such informa- 
tion is helpful in understanding the 
action of the products on the pests 
and on their plant and animal hosts. 
It may also prove helpful in the dis- 
covery of more effective and safer 
chemicals for pest control use. The 
biologist should have sufficient know'- 
edge of organic chemistry to appré 
ciate and understand what the chem 
ist is doing and be able to cooperat: 
effectively with the chemists who ar 
responsible for the progress of collec 
tion, chemical synthesis, formulation 
and manufacture. As in other phase 
of research and development, tean 
work is very essential to success. 


Search For Chemicals 


The successful development of pet 
control products, whether insecticide:, 
fungicides, herbicides, or others, r- 
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juires a broad and thorough knowl- 
dge of the everchanging needs and 
of the unfilled needs for better prod- 
icts. Economic importance and pos- 
ible potential market outlets should 
xe known before a problem is under- 
aken. A working knowledge of the 
helds of chemistry, physics, engineer- 
ing, and biology that pertain to the 
development of better pest control 
products and to their manufacture 
and application is required. 


The search for better chemicals in- 
volves the testing of hundreds or 
even thousands of new candidates. 
Unfortunately, no workable theory 
has been developed that will enable 
the chemist to decide which products 
will be effective before making and 
trying them. Some progress has been 
made along this line, but it is still 
generally necessary to use the “cut 
and try” method to find effective 
\ypes or classes of chemicals. After an 
effective chemical is found, a study 
of related compounds may prove pro- 
ductive. Thousands of compounds are 
synthesized or collected from those al- 
ready made for other possible uses 
and tested by standardized laboratory 
methods of procedure on carefully 
selected species of insects, fungi, and 
other pests. Economically important 
species of insects and fungi are gen- 
erally used for test purposes for ob- 
vious reasons. Chemicals showing 
promise in the preliminary trials are 
given more thorough trials in dif- 
ferent concentrations to determine 
their degree of efficiency in compari- 
son with the leading products in use. 
If they prove up, they are put into 
nore extensive use type tests, and 
f then found sufficiently effective, 
hey are formulated for the uses in- 
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dicated. Finally, manufacturing pro- 
cess and cost estimates are developed. 


Specifics have to be considered. 
Products that are effective on one 
species or variety of a pest may not 
be effective on a closely related spe- 
cies or variety. This is true of all 
kinds of pests. Certain pests are 
known to develop resistance to some 
control chemicals and a change in 
formulation or even a different chemi- 
cal may be required to produce re- 
sults. Flies that resist DDT and 
mites that have developed resistance 
to rotenone and several other insecti- 
cides are good examples. Also, the 
action of different analogues and 
isomers of a compound is frequently 
quite different from the action of the 
“parent” compound. For example, 
methoxychlor, an analogue of DDT, 
is more effective than DDT on cer- 
tain insects and much safer to warm- 
blooded animals, including man. Also, 
it is only the gamma isomer of ben- 
zene hexachloride that is an effective 
insecticide. Fungicides are specific in 
action. It is often necessary to manu- 
facture several products, some of 
which are closely related to meet 
the needs in the agricultural field 
alone. The chlorinated hydrocarbon 
insecticides and the dithiocarbamate 
fungicides illustrate this point. For 
broad-leafed weed control the 2,4-D 
products are outstanding in this class 
of chemicals. These and many other 
complications make the task of de- 
veloping and maintaining effective 
pest control products a very difficult 
one. After the most careful selection of 
test species, we may overlook good 
products due to this specific action. 
Fungicides, weed killers, and rodenti- 
cides may be specific in their action 
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which means that products must be 
developed specifically for each im- 
portant problem. Mixtures may be 
required where more than one spe- 
cies or kind of pest is involved. 


Formulation 


The effective use of pesticides de- 
pends to a large extent on formula- 
tions prepared for or adjusted to the 
specific uses. The active chemical is 
seldom used in its pure or technical 
form. A knowledge of the use and 
of the method of application is re- 
quired in the preparation of effective 
formulations or products for use. Is 
it to be used as a spray, mist, fog, dust, 
aerosol, dip, or poison bait? Will it be 
applied to plants or valuable animals? 

ill it come in contact with humans, 
or products which may be used for 
food by humans, or valuable animals? 
With this information, suitable car- 
riers, sulvents, and other supplements, 
such as wetting, emulsifying, spread- 
ing, penetrating, stabilizing, and 
sticking agents may be selected for 
trial in the preparation of formula- 
tions that are suited for the use or 
uses in question. An extensive knowl- 
edge of supplements and possible sup- 
plements is desirable. The supple- 
ments must be compatible with the 
active chemical and with other sup- 
plements used. Synergists, or prod- 
ucts that boost the action of the 
chemical, may be included if such 
products can be found. 


The finished formulations must be 
stable in storage and compatible with 
other chemicals, including other pesti- 
cides with which they may be used. 
This involves the need for a knowl- 
edge of the chemistry and uses of 
other products with which it may 





8 


be used. The preparation of formula- 
tions not only involves the use of 
many kinds of precision equipment 
required in their making, but also 
requires a knowledge of the many 
kinds of machines used in their ap- 
plication to be able to adjust the 
formulations for use in these applica- 
tors. 


Many improvements have been 
made and others can be made and 
new uses established through new 
formulations of old products. It may 
become necessary to modify or change 
the formulation of a product entirely 
to completely clear out an infestation 
of resistant pests. Flies and other in 
sects are known to develop resistant 
colonies. The formulation of an in- 
secticide may have to be changed for 
effective use in a different type of ap- 
plicator. Where you have more than 
one species of pests, a different for- 
mulation or a mixture of active chemi- 
cals may be required. 


All new formulations must b 
thoroughly tested under conditions o 
actual use before you can safely r 
commend them. It is often necessar 
to readjust such formulations whil: 
the laboratory and field trials are is 
process. It may take months or eve 
years to arrive at a suitable formu! 
tion for some uses after the chemic.l 
is known to have merit. Once a for- 
mulation has been proven satisfac- 
tory for use, much remains to be 
done in the development of suitable 
formulations for other uses. Then, 
with time, new strains or varieties of 
the pests may arise which require ® 
different treatment and further con 
plicate the research and development 
program. 
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Toxicology 


Toxicity to warm-blooded animals, 
including humans, is very important. 
Any possible hazards should be 
known before distribution of a prod- 
uct begins. Early consideration of 
the safety factor in the synthesis pro- 
gram may lead to the development of 
safer compounds comparable to meth- 
oxychlor in the insecticide field. It 
may also prevent the loss of human 
life or health resulting from lack of 
sufficient information before use is 
recommended. Thus far, it has not 
been possible in all cases to avoid use 
of toxic materials, but poisonous com- 
pounds can be and are being used 
safely and effectively for pest control 
where suitable methods of handling 
have been developed. However, safety 
to plants, and warm-blooded animals, 
including man, is one of the leading 
goals sought for in the development 
program. 


The United States Government, 
State authorities, and commercial or- 
yanizations are giving special and ex- 
tensive attention to the toxicity of 
pesticides and to the safe use of pro- 
ducts known to be toxic. New pesti- 
cides are being thoroughly studied by 
competent toxicologists. As a result of 
these studies it has been necessary to 
modify or even withdraw claims con- 
cerning the safety of certain products, 
DDT, for instance, to humans, and 
specify safe methods of use. Poison- 
ous compounds have been used suc- 
cessfully and will continue to be used, 
but proper care must be exercised in 
handling them. 


In order to avoid any possible haz- 
irds to the research staff or manufac- 
turing staff, or to others who may 
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handle or use a promising new pro- 
duct, it should be subjected to acute 
oral toxicity, skin absorption and in- 
hallation tests by a competent authori- 
ty in its early stages of development. 
Further experimental work done with 
the product should be governed by 
the outcome of these tests. If it is 
toxic it should be handled with due 
care. If symptoms of poisoning do not 
occur, the product may be considered 
more promising, but it should be han- 
dled with reasonable care until the 
more important chronic toxicity stu- 
dies can be made. Such studies are 
expensive, and it is as a rule not neces- 
sary to have the chronic studies made 
until it is reasonably certain that the 
product will be put into use. At this 
stage the question of public health 
becomes an important factor. Any fur- 
ther necessary toxicological studies, in- 
cluding those of chronic nature, should 
then be conducted by competent au- 
thorities so that effective directions for 
safe use may be issued. Attention 
should be given to the safety of any 
new formulations of the product once 
it is in use. New or modified formula- 
tions of old poisonous pesticides should 
be considered, and the necessary direc- 
tions for safe use should be given. 
Application 

Effective equipment for applying 
pesticides is just as important as hav- 
ing products suitably formulated for 
use. The research and development 
program should take into considera- 
tion co-operation between organiza- 
tions who are responsible for pest con- 
trol product development and those 
concerned with better applicator ma- 
chine development. There is much 
need for further improvement in 
methods of application. There is 
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ample evidence that this need is not 
being overlooked. The power spray- 
ers and dusters of today bear little 
resemblance to those in use only a 
few years ago. The small hand equip- 
ment has been greatly improved, al- 
though better ones are needed for cer- 
tain uses. 


Extensive consideration is now being 
given to the application of concen- 
trated sprays and dusts applied uni- 
formly and in low volume. Highly ef- 
fective products such as DDT, 2,4-D, 
and other more recent developments 
are more suited to the preparation of 
such effective concentrates. The air- 
blast type machine is being used for 
applying concentrated sprays or dusts 
and various combinations of both. For 
such applications the airplane, heli- 
copter, and autogyro are being used. 
During the war, aerosols and fog gen- 
erators were developed for use by the 
Armed Services. These devices are es- 
pecially effective for use in enclosures 
and for certain outdoor conditions 
where there are no wind currents and 
where the mists or fogs reach their 
objectives. The important thing is to 
be able to lay down an effective film 
of active chemical at the right place. 


Previous mention has been made of 
the development of pest control for- 
mulations. These formulations must 
be adjusted for the specific uses in- 
tended and for effective application 
by the best available equipment. The 
change to new methods of applica- 
tion may also involve changes in many 
formulations for efficient application 
by the new equipment. It is impor- 


Phenothiazine is the most valuable single drug for use as an 


tant that all parties concerned co- 
operate closely in these developments. 
Before the user buys a new type of 
machine, he should be sure that it 
will effectively apply the products he 
intends to use. The manufacturer of 
pest control products must keep abreast 
of the progress in machinery develop- 
ment and be prepared to deliver pro- 
ducts suited to use in the most effi- 
cient machines. 

Let me emphasize the importance 
of close co-operation of the user with 
his government agencies, and with the 
manufacturers of pesticides and the 
manufacturers of machines for their 
application. The user should be in 
position to know that the best pos- 
sible pesticides will be available at the 
right time to carry out the program, 
and that suitable machines are avail- 
able and in good repair for applying 
these products. It is just as important 
to have proof of the efficiency of the 
machine for applying the product as 
it is to have proof that the product 
will control the pest when properly 
applied. 

The aim of a research and develop- 
ment program in pest control is to 
develop better products, products that 
are more effective, more economical 
and safe to host plants or animals and 
humans. It involves the improvement 
of products in use and the discovery 
of new and better ones. Efficient for 
mulation, application, and service are 
essential to the success of such a pro 
gram. There will be many vexing 
questions ahead. Serious thought and 
research effort will provide the an- 
swers. 
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Chemists in Major Atomic Role, 


Face Critical Problems in Future 


Chemistry and Atomic Energy 


by J. A. Swartout 


Oak Ridge National Laboratory 


Excerpt from a paper delivered at 
the Cleveland Meeting of the Amer- 
ican Association for the Advance- 
ment of Science, Dec. 28, 1950. 
> IN PRE-WAR importance uranium 
ranked well toward the bottom of the 
known elements. Except for impart- 
ing color to glass and use as a minor 
reagent in analytical chemistry, de- 
mands for it were almost non-existent. 
Metallic uranium was a museum cur- 
osity. As a consequence, knowledge 
of the chemical properties of the 
metal and its compounds and of its 
physical properties was quite inade- 
quate for a new science based on 
uranium. Becausé of the urgency of 
attaining the military goal, it was 
necessary to conduct a comprehensive 
research on all aspects of uranium 
chemistry simultaneously with tech- 
nological developments. In the case of 
uranium production this involved es- 
sentially every step including extrac- 

tion from the ores, refining, reduction 
to the metal or conversion to the de- 
sired compound, and metallurgical 
tabrication. To complicate the task 
lurther the specifications for the final 
product, metal for the reactors and 
the charge compounds for the isotope 
separation units, were extreme by 

nost commercial standards. Because 
ff the unique requirements of the 
processes, the establishment of speci- 
heations and of analytical methods 
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for control of purity was, in itself, a 
major undertaking. For use in re- 
actors, metal containing a minimum 
of impurities having large neutron 
cross-sections was required, whereas 
impurities which would interfere with 
the ion beam or diffusion barrier 
were objectionable in the charge com- 
pounds. The eventual production of 
satisfactory material stands as a trib- 
ute to the combined efforts of engi- 
neers, metallurgists and chemists 
from a large number of industrial 
and university laboratories. 


Reactors 


As would be expected from the dif- 
ferences in principles of operation, 
the demands placed upon chemistry 
by the three major production meth- 
ods varied widely. In the case of the 
reactors, the major problems were 
twofold, (1) provision of a moderator 
containing a minimum of neutron 
poisons and (2) protection of the 
uranium from corrosion by the cool- 
ants. At least three light materials 
were considered and evaluated as 
moderators, graphite, beryllium and 
heavy water. Fortunately, the produc- 
tion of graphite had been in an ad- 
vanced state for years, so that the 
elimination of nuclear impurities was 
the chief problem. Sufficient research 
was conducted to show that the pro- 
duction and fabrication of beryllium 
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and the production of heavy water, 
although possible, involved additional 
complications, in comparison. 

The chemists of the gaseous diffu- 
sion project were faced with the 
problem of preparing and evaluating 
diffusion barriers, selection of the 
optimum gaseous uranium compound 
and the reduction of corrosion. Again 
we find that the final success resulted 
from the teamwork between all types 
of scientists, which has come to char- 
acterize the efforts of our large lab- 
oratories. 


The chemical requirements for de- 
sign, construction and operation of 
the calutron units were somewhat 
more demanding, entailing primarily 
the preparation of pure charge ma- 
trials and the reprocessing of mater- 
ial from the many stages. The devel- 
opment of chemical methods for re- 
covering enriched uranium from each 
stage, purifying and preparing it for 
the next stage, all in a multi-batch 
process requiring a high yield was in- 
deed complex. 


Fissionable Products 


Of the chemical tasks, that of sep- 
arating plutonium from uranium and 
the highly radio-active fission prod- 
ucts was the most formidable one 
confronting the chemists. When re- 
search was initiated in 1942, the prob- 
lem was, in brief, the separation of an 
element which had never been seen 
and whose chemistry was practically 
unknown from a many-fold greater 
amount of uranium whose chemistry 
was also incompletely known and 
from the elements produced by the 
fission of uranium, the identity and 
number of which were but partially 
known. In addition, the process must 
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be capable of scale-up to operate in 
the presence of radiation levels far 
above those ever encountered prev- 
iously. The various research efforts 
defy even mentioning by name, but 
among the major were the studies of 
the solution chemistry of plutonium 
and uranium, the identification of 
fission products, measurement of their 
fission yields and decay chains, the 
development of analytical techniques 
including extensive advances in radio- 
chemical analytical methods and 
strumentation, the measurement of 
the effects of radiation on the chem- 
icals and materials involved in _pro- 
posed processes and the development 
of the chemical extraction processes, 
themselves. From this effort, concen- 
trated initially at the Metallurgical 
Laboratory and at the University of 
California, evolved several alternate 
processes which looked promising. 
The selection of the one which ap- 
peared most adaptable to large-scale 
operation, its further development in 
the pilot-plant at Oak Ridge and in- 
stallation at Hanford covered a per- 
iod of approximately one year, a 
remarkable achievement for the ex- 
pansion of any process from the 
laboratory to commercial scale pro- 
duction. 


This summary of the place of the 
chemists in the wartime program 
gives some concept of the variety o! 
research which has been in progress 
since then and may be expected in 
the future. 


It is appropriate to review the sta- 
tus of our chemical knowledge, perti- 
nent to atomic energy, today com- 
pared with that of ten years ago. In 
doing so, I shall consider first the 
more basic aspects and then turn to 
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the applied problems, in particular, 
those concerned with the processing 
of reactor products. 


Uranium and Plutonium 


As a result of the concentrated ef- 
tort placed upon the chemistry of 
iranium and plutonium, these are 
imong the most thoroughly char- 
acterized of the elements. The physi- 
cal chemistry of their various valence 
tates in aqueous solution has been 
studied in detail. We know the solu- 
bilities, hydrolytic constants, oxida- 
tion-reduction potentials and other 
physical chemical constants under a 
greater variety of conditions than for 
nearly any other element. The reac- 
tions of many of their compounds in 
gaseous, liquid and solid phases have 
been studied. The physical properties, 
including crystal structure, of the 
metals, many of their alloys and salts 
have been measured with precision. 
The nuclear chemical properties have, 
of course, been thoroughly deter- 
mined. 

The products of fission, not only of 
uranium but of other fissionable iso- 
topes have been studied in detail to 
obtain fission yields, nuclear charac- 
teristics and decay chains. We now 
have a fairly complete knowledge of 
the products and the amounts of each 
to be expected from the thermal or 
fast fission of the various isotopes. 
With this information and a know- 
ledge of the chemistry of each fission 
element, it is theoretically possible to 
tailor-design processes for purifying 
plutonium and uranium from speci- 
he fission product contaminants. It is, 
of course, desirable to know exactly 
what species must be separated. Be- 
-ause the fission fragments are orig- 
inally very energetic, the exact chem- 
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ical form in which they finally settle 
down to thermal energies is some- 
what problematical. To some extent 
the chemical state, i.e., valence and 
compound, will depend upon the 
medium in which the fissioning oc- 
curs. Whether the fission products are 
formed from metallic uranium or 
from uranium in solution would be 
expected to influence these products. 
The determination of the chemical 
state of specific elements under such 
conditions is difficult because of the 
very small amounts of each and the 
complexity of the systems. To this 
study of the chemical forms of the 
products of nuclear transformation 
has applied the descriptive term “hot- 
atom” chemistry. 

With regard to continuation of the 
studies of the fission products, em- 
phasis is now upon the fine structure 
of the fission process, refinement of 
fission yield measurements, and stud- 
ies of the isotopes formed in lowest 
yield and those having very short or 
very long half-lives. The extension of 
the research to the lesser abundant 
and to those with extremes of half- 
life has become possible as a result of 
advances in techniques for doing re- 
search with very large amounts of 
radioactivity and in improved elec- 
tronic instrumentation. 

The effects of radiations upon mater- 
ials are obviously of concern to many 
of the atomic energy programs. In a 
nuclear reactor, materials are subjected 
to terrific punishment from neutrons, 
beta, gamma and X-rays and, depend- 
ing upon conditions, to alpha particles 
and fission fragments. In the chemi- 
cal processes for treatment of reactor 
products, high levels of alpha, beta 
and gamma radiation are encounter- 
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ed. It is necessary for successful op- 
eration that the chemicals used in the 
process be stable to radiation and that 
the desired reaction not be altered, 
either directly by radiation or in- 
directly by products of decomposition. 
For most chemical systems, the effects 
of radiations are known only em- 
pirically. The mechanism of decom- 
position of even the apparently simple 
chemical, water, by ionizing radia- 
tion has been found to be quite com- 
plex. A better knowledge of the 
mechanism and kinetics of the de- 
composition of solids and of aqueous 
and non-aqueous solutions of inor- 
ganic and organic materials is being 
sought. However, the subject is so 
broad and difficult that a really ade- 
quate attack can come only from a 
much more extensive effort than the 
laboratories of the Atomic Energy 
Commission can provide. 


Considerable progress has been 
made in the theoretical understanding 
of those methods by which elements 
in “trace” quantities may be separ- 
ated from those in “bulk” amounts. 
Included are processes which were in- 
vestigated as alternates for the pre- 
cipitation process at Hanford but 
which had not reached a comparable 
degree of development: ion-exchange, 
both cation- and anion-; liquid-liquid 
solvent extraction; electrolytic meth- 
ods and preferential volatility. 


In addition to continued investiga- 
tions of the subject just mentioned, 
the laboratories of the Atomic Energy 
Commission are engaged in research 
which does not have an apparent ap- 
plied incentive. Although this more 
academic research is traditionally as- 
sociated with educational institutions, 
there are several valid reasons for 
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this supplementing of university re- 
search. It is realized that major future 
advances will come only from solid 
fundamental foundations. Because of 
unique facilities possessed only by the 
laboratories supported by the Atomic 
Energy Commission or because re- 
stricted materials are involved, some 
fields have been essentially closed to 
unclassified university research. 
Among the more specialized facilities 
are: the nuclear reactors with their 
copious supply of neutrons; the very 
high energy, particle accelerators; the 
so-called “hot”-laboratories for the 
handling of very large amounts of 
radioactivity; and instruments which 
are dependent upon the existence of 
these, for example, neutron  spectro- 
meters. In addition, there is the more 
intangible asset of a combination of 
skills, scientific know-how and_in- 
strumentation for nuclear science 
which together greatly accelerate such 
research. In answer to the often re 
peated inquiries about the nature ot 
such chemical research, I offer th 
following examples: 


The availability of neutron beams 
with fluxes of the order of 10° neu- 
trons/cm*sec has made possible the 
application of neutron diffraction 
crystal structure determination. Un 
like X-ray diffraction in which th 
scattering power of the atom increases 
with atomic number, the diffraction 
of neutrons is a nuclear effect which 
follows no regular progression 1: 
magnitude. As a result it is possibl: 
to locate the very light atoms in crys- 
tals, even in the presence of heavier 
atoms or nuclei. This technique, 
therefore, serves to fill the gap left by 
X-ray diffraction. Although applica- 
tion to this purpose came only during 
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tion, of 


cause of the presence of 


the past year, interesting results have 
been obtained for hydrogen contain- 
ng, or preferably deuterated, crys- 
tals such as potassium bifluoride and 
»xalic acid as well as for hydrous gels. 


Although radioisotopes from Oak 
Ridge are being universally used for 
research, this distribution is limited 


by practical reasons to those with half- 


lives in excess of a week. This restric- 
course, does not apply to 
work adjacent to the sources of the 
isotopes. For this reason and also be- 
“hot”-labora- 
tories, research is in progress at 
Brookhaven and Oak Ridge National 
Laboratories to measure by micro- 
wave absorption the constants of 
radioactive nuclei, such as spin and 
magnetic moment. From this work 
information essential for a better un- 
derstanding of the radioactive decay 
processes should be forthcoming. 
This is one of the many cases of a co- 
operative effort; physicists supply the 
micro-wave instrumentation and 
know-how and the chemists prepare 
the desired compound containing the 
active nucleus. In our program at 
Oak Ridge, Walter Gordy of Duke 
University fills the former function. 
After preliminary, successful meas- 
urements of the long-lived iodine-129, 
we have now turned to the shorter- 
lived iodine isotopes, requiring com- 
plex instrumental installations in 
shielded working spaces. 


Somewhat analogous to the chem- 
cal investigation of the fisson pro- 
ess, is the study of spallation reac- 
ions at the Radiation Laboratory of 
the University of California. Chem- 
cal analysis of the products of the 
bombardment of heavier nuclei with 
very energetic particles from the 184 
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inch cyclotron revealed complete dis- 
integration to give practically all of 
the elements of lower atomic number. 
For such chemical studies, knowledge 
of the inorganic and nuclear chem- 
istry of nearly all of the elements is 
required. 


In connection with, and also ren- 
dered possible by other advances has 
come the discovery of new elements. 
Element 61 or promethium was dis- 
covered by Glendenin and Marinsky 
at Oak Ridge as a result of the large 
scale conduct of the fission process in 
nuclear reactors, “hot”-laboratories in 
which to perform research, and de- 
velopment of ion-exchange techniques 
for separation of rare earths. Similar- 
ly, the discovery of elements 95, 96, 97 
and 98, americium, curium, californi- 
um and berkelium by Seaborg and his 
associates was made possible by a 
similar combination of advances. The 
establishment of the chemical and nu- 
clear properties of these elements and 
also of element 43, technetium which 
was first isolated from fission prod- 
ucts in macro-amounts, is a subject 
of current research. 


In general nuclear- or radiochem- 
istry, our efforts are primarily on 
specialized phases. It is recognized 
that the bulk of the work is conduct- 
ed in a large number of universities. 
One of our studies, involving a high 
degree of precision is the direct meas- 
urement of the energy of radioactive 
decay. Calorimeters are being usd 
which are capable of measuring heat 
inputs of the order of 10—* cal/sec to 
an accuracy of 1%. By this means, val- 
ues for the average energies of the beta 
rays from tritium, yttrium-91 and 
carbon-14 have been obtained. The 


technique is now being extended to 
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the measurement of gamma ray ener- 
gies and will be applied eventually 
to the gamma rays emitted upon 
radiative neutron capture. Other prob- 
lems involve the standardization of 
measuring techniques in a co-opera- 
tive program with the Bureau of 
Standards, the perfection of absolute 
counting methods and the develop- 
ment of proportional and scintillation 
counting. 


Radioisotope Reactions 


Let us now turn to the opposite 
extreme of chemical research, organic 
chemistry. The emphasis here is upon 
the use of radioisotopes, primarily 
carbon-14 and tritium, for studying 
reaction mechanisms and also upon 
the effects of radiation on organic 
systems. That these laboratories 


should have entered this field is log- 
ical in view of the early availability of 


relatively large amounts of carbon-14 
and other radioisotopes. The interest 
in radiation effects stems from neces- 
sity as well as fundamental interest. 
The behavior of organic materials in 
nuclear reactors or under the intense 
radiation, encountered in chemical 
separations processes, is of immediate 
concern to those responsible for de- 
sign. The interesting aging of histor- 
ical relics and geological specimens 
by Libby, Urey and others was made 
possible in part, by the accurate meas- 
urement techniques for both solid 
and gaseous carbon compounds de- 
vised in connection with this research. 

These examples, general as they 
necessarily are, may have provided 
some idea of the scope of chemical 
research. Of the applied research in 
progress today, that on chemical pro- 
cesses for treatment of reactor prod- 
ucts is most extensive. 
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Separations Chemistry 


The objectives of a chemical pro- 
cess for extracting plutonium from 
uranium and the associated fission 
products after removal from a nuclear 
reactor are threefold; 1. recovery of 
the plutonium in high yield and free 
from chemical and radiochemical im- 
purities, 2. recovery of the partially 
spent uranium in a pure state and 
high yield and 3. disposal of the 
highly active fission products in a 
form which will be inoccuous to the 
environment. As has been stated in 
semi-annual reports of the Atomic 
Energy Commission, the process in- 
stalled at Hanford during the War 
very successfully isolated the pluton- 
ium but inadequately solved the 
other two problems. The waste uran- 
ium was stored in underground tanks 
for subsequent decontamination and 
recovery; the non-volatile fission prod- 
ucts present in aqueous solutions were 
also stored; the waste fission product 
gases were sufficiently diluted with 
air to be non-hazardous and discarded 
through stacks. Post-war research aim- 
ed at improving the effectiveness and 
economy of operation has produced 
essentially ideal processes which sat- 
isfy all three objectives. 


Within the last year publicity has 
been given to new types of nuclear 
reactors which are now well along in 
development or are in the construc- 
tion stage. Included are 1. a Materials 
Testing Reactor to operate at a high 
neutron flux, 2. an Experimental 
Breeder Reactor to investigate the 
possibility of breeding fissionable ma- 
terial, 3. a Ship Propulsion Reactor 
for ultimate use in propelling sub- 
marines and 4. a similar power re- 
actor to operate in the intermediate 
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neutron energy range. In addition, 
nention has been made of research 
on homogeneous type reactors and on 
reactors for the propulsion of air- 
craft. As can be easily deduced, the 
chemical processing requirements for 
the various types will vary consider- 
ably. Although details of specific 
chemical advances cannot be de- 
scribed, I can assure you that the 
chemists and chemical engineers have 
kept well abreast, if not ahead, of the 
reactor technology progress in provid- 
ing satisfactory reprocessing proced- 
ures for such reactors. 

Outlook for the Future 


There is little doubt, in my opinion 
at least, that the future of applied 
chemistry in the development of 
atomic energy is closely linked to the 
future of the reactor program. The 
relationships between chemistry and 
the development of reactors for pro- 
d 


uction of plutonium have been out- 
lined. Similar problems are involved 
n the breeder reactor program. The 
ultimate attainment of economical 
power production is even more de- 


pendent upon chemical advances. 
This is apparent if we consider the 
general cost factors involved in the 
economy of power from reactors: 
production of fuel, building and op- 
‘ration of the reactors, and re-process- 
ng of partially spent fuel. 

The influence of chemical develop- 
ment upon the economy of producing 
iranium and other fissionable mater- 
als and upon the re-processing of 
vartially expended fuels is a direct 
me. 

Any improvements or economies 
ffected in the chemical processes for 
‘xtracting and refining uranium will 
ve beneficial. Fuel costs for compar- 
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able quality ore would decrease or 
poorer grade ores could be exploited 
at the same cost. Re-processing costs 
are a large factor chiefly because of 
the large capital investment in the 
complex installations now required to 
treat the radio-active reactor prod- 
ucts. Simplification of the chemical 
processes and operating techniques, to 
the extent which recent developments 
indicate to be feasible, would reduce 
construction costs appreciably. 

The contributions of the chemists 
to the design of the wartime graphite 
moderated reactors were indicated. 
As was true then, the role of the 
chemist in the design of heterogen- 
eous reactors can be expected to be 
small relative to the overall design re- 
quirements. However, of the reactor 
types which have been mentioned, 
one is of particular interest to chem- 
ists; the homogeneous reactor. This 
terminology implies that the fuel and 
moderator are homogeneously mixed 
in the gas, liquid or solid state. As 
a result the critical problems appear 
to be chemical in nature involving the 
effects of radiation and of the fission- 
ing process on materials and, in the 
case of fluid media, the problems of 
corrosion. In this instance in partic- 
ular, the opportunity exists for the 
chemists to play a decisive role in the 
factor of reactor design, construction 
and operation. 


Needs for Research 


In several of the fields of chemical 
research, the demands of the applied 
program have well outstripped our 
background of fundamental know- 
ledge. In the course of this discussion 
I have indicated two, the study of so- 
called ‘‘hot-atom” chemistry to de- 
termine the chemical fate of the 
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elements produced by fission and the 
effects of radiation upon inorganic 
and organic systems. To these should 
be added the entire field of high 
temperature chemistry. With a _por- 
tion of the Atomic Energy Commis- 
sion’s reactor program directed to- 
ward power production which im- 
plies operation at high temperatures, 
it is logical that we be concerned with 
the nature of chemical reactions at 
temperatures well above 100°C. A 
survey of the literature for informa- 
tion on the properties of materials or 
the behavior of reactions at elevated 
temperatures is revealing of the over- 
whelming proportion of research con- 
ducted at room temperature with 
rapidly decreasing emphasis toward 
higher temperatures, particularly 
above 100°C. 

Little can be said of our specific 
needs for information, a_ situation 
which has all the aspects of a dilem- 
ma. Fortunately, the information de- 
sired is fundamental in nature so 
that the outlining of specific ob- 
jectives is not very material. Research 
in progress in the AEC laboratories 
will provide the specific physical con- 
stants of applied interest. The broader 
need is for quantitative knowledge of 
the properties of, and reactions be- 


tween, compounds in the fused and 
solid states at elevated temperatures. 


In parallel to this plea for funda- 
mental research in what are obvious- 
ly difficult fields of chemistry is one 
for chemists trained in these fields. As 
all of you are well aware, the supply 
of scientific manpower has become 
critical during the last few months. 
In some fields, such as those mention- 
ed, this has been a continuing situa- 
tion. Although not a very construc- 
tive step toward altering the picture, 
we can, at least, indicate the need for 
well trained chemists in these fields 
and trust to the educators to provide 
them. 


As we enter into the field of high 
temperature and high flux reactors, 
the chemical picture is not too differ- 
ent from that facing the chemists at 
the beginning of the wartime project. 
In place of the elements with un- 
known properties, uranium, pluto- 
nium and the fission products, the 
relatively uncharted seas of radiation 
chemistry, “hot-atom” chemistry and 
high temperature chemistry confront 
us. If we are as successful as they in 
fulfilling our role and in filling these 
gaps, we will certainly have cause to 
claim a job well done. 


Pest Turns Evergreens Yellow 


> New York commuters whose ever- 
green landscaping has been hit by a 
sickly yellow scourge are victims of a 
new U.S. plant pest. 


A black, lacy-winged bug from 
Japan has popped up mysteriously in 
Westchester County and southwestern 
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Connecticut, Dr. Stanley W. Bromley 
of the Bartlett Tree Research Labora- 
tories, Stamford, Conn. reports. 

The lace bug was identified as 
Japanese by Dr. Norman Bailey 


Boston University. But how it got 
here is a mystery. 
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by JouNn F. Fiace 





A paper given at the Meeting of 
the American Association for the Ad- 
vancement of Science at Cleveland, 


Ohio, December 29, 1950. 


® As A CONSEQUENCE of the large scale 
production of controlled nuclear fis- 
sion, there has developed during the 
past six or seven years an industry of 
exceptional technological and_ eco- 
nomic complexity. Foremost among 
the problems are the ones confronting 
the chemists and the chemical engi- 
neers in the processing of the ma- 
terials that enter and leave the re- 
actors. The general features as well 
as some details of these later prob- 
lems I should like to discuss with you. 

By nuclear fuel is meant some fis- 
sionable element, such as uranium or 
plutonium, which in the nuclear chain 
reaction is converted, through inter- 
action with neutrons, into energy and 
fission products. The analogy with 
burning of conventional fuels is for- 
mal only; the energy in the latter case 
arises from chemical reactions involv- 
ing the extra-nuclear electrons, where- 
as the energy in the nuclear reaction 
arises from the conversion of a por- 
tion of the nuclear mass into energy. 

To produce the fission of an atom 
of U-235 requires one neutron. Dur- 



































* The Knolls Atomic Power Laboratory 
at Schenectady, N. Y., is operated for the 
U. S. Atomic Energy Commission by the 
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Fission Reactions Impose Conditions 
Unknown in Combustion Engineering 


Processing of Nuclear Fuels 


Knolls Atomic Power Laboratory* 


ing and shortly after the fission event, 
however, between two and three neu- 
trons are given off and under proper 
conditions a nuclear chain reaction 
follows. Uranium 235 may be con- 
sidered as the primary nuclear fuel; 
from it such secondary fuels as plu- 
tonium 239 and uranium 233 may 
be produced indirectly, the former 
from U-238, the latter from Th-232. 

As a consequence of the burnup of 
U-235 in a nuclear reactor, large 
quantities of heat are generated, most- 
ly from the kinetic energy of the fis- 
sion fragments as they fly apart, but 
partly from the radioactive decay en- 
ergy of the fragments. In addition 
to the production of heat, the sec- 
ondary fuels may have been produced 
by neutron capture reactions in iso- 
topes such as U-238 or Th-232 in or 
near the reactor. Lastly, appreciable 
quantities of the fission fragments ac- 
cumulate in the reactor. 

The nuclear fuel must, at an appro- 
priate time, be removed from the re- 
actor and reprocessed, chemically or 
otherwise. There are three reasons 
for this. First, the accumulated fis- 
sion products may serve to poison the 
reactor; many of them have high neu- 
tron capture cross sections, and ulti- 
mately so large a fraction of the fis- 
sion neutrons would undergo capture 
that the chain reaction would not be 
sustained. Second, it is often desired 
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to remove the secondary fuels that 
have been produced on some sort of 
time schedule. Third, the fission of 
the primary fuel may cause deteriora- 
tion of the fuel element, with attend- 
ant decrease in heat transfer efficiency. 
Even though deterioriated, the fuel is 
valuable and must be recovered. And 
finally, so much fuel may have been 
consumed that a reduction below the 
critical mass prevents sustaining the 
chain reaction. 


Fission Products 


Some approximate figures may help 
give a feeling for the order of magni- 
tude of the processing problems. In a 
slow neutron uranium reactor iso- 
topes of some 34 chemical elements 
from zinc through europium are pro- 
duced as fission products to varying 
degrees, in addition to heavier ele- 
ments such as neptunium, plutonium, 
americium, and curium which are pro- 
duced directly or indirectly as a con- 
sequence of neutron transmutation re- 
actions. 


Depending on the conditions under 
which the reactor is operated, the 
quantities of most of these elements 
will range from a few micrograms to 
a few grams per ton of uranium. The 
operation of a uranium reactor at a 
power level of 1 megawatt for one 
day would produce roughly 30 milli- 
grams of cesium 137, barium 140, and 
xenon 133; about 15 milligrams of 
iodine 131 and promethium (element 
61) 147; and a few others such as 
ruthenium, cerium, zirconium, stron- 
tium, and certain rare earths in com- 
parable quantities. In practice the 
quantity of uranium associated with 
these weights of fission products may 
be several hundred kilograms. Most 
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of these elements are highly radio- 
active (although stable isotopes are 
formed in fission too); some, such as 
iodine, have been isolated pure for 
medical or biological purposes. Others 
such as strontium, and technetium may 
be valuable from the point of view of 
pure research or industrial applica- 
tions. Naturally, in the so-called pro- 
duction reactors, the primary and 
secondary fuels in the mixture must 
be isolated not only in highly pure 
form but also in very high yields. 
Finally, the wastes which may con- 
tain hundreds or thousands of curies 
of beta and gamma activity, often in 
large volume, must be disposed of in 
some safe manner. Such is the magni- 
tude of the problem facing the pro- 
cess chemist who must find short and 
effective means for separating the 
desired constituents from an extreme- 
ly complex mixture, and the chemical 
engineer who reduces this to practice. 


Radioactivity 


One of the greatest problems in the 
processing of nuclear fuels is the 
radioactivity associated with the fis 
sion products. Up to a certain point, 
this activity is a function of the ex 
tent of burnup of the fuel, after 
which the saturation activities of the 
various fission products are attained 
One has the option, in reprocessing, o 
performing all operations unde 
shielded conditions or of allowing th 
fuel to stand (“cool”) until the ac- 
tivity has decayed to a point at which: 
conventional processing methods 
could be used. Unfortunately, this lat- 
ter condition can never be met, for 
many of the elements formed in high 
yield in fission such as cerium and 
cesium have half lives of many 
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months or years. As 8-10 half lives 
must elapse for an isotope to decay 
to roughly 1 per cent of its initial ac- 
tivity, and as processing requirements 
call for a reduction to as much as a 
millionth of the initial activity, it is 
clear that processing must be done 
on active material or effectively not at 
all. On the other hand, a number of 
the fission products. such as iodine 
and barium, have half lives in the 
order of days or less. Hence, it may 
be possible, by cooling for a shorter 
time, to reprocess under compromise 
conditions. High levels of gamma ac- 
tivity require the heaviest shielding; 
beta radiation is relatively easy to 
protect against, but handling of such 
materials always presents a personnel 
hazard problem. The time factor for 
cooling thus enters into the reproces- 
sing picture in a complicated way, for 
also to be considered is the matter 
of fuel inventory held up in pro- 
cessing. To operate a reactor, with 
attendant fuel reprocessing, will re- 
quire a greater fuel inventory for a 
200 day cooling cycle than for a 100 
day cycle, if the processing time is 
constant. How much greater will be 
determined by other factors, such as 
the rate and amount of fuel discharge. 


Reagents 

Still another factor to consider in 
connection with the high level fission 
product activities is the effect of these 
on process chemicals. The reagents 
used must be stable to radiation; even 
water will be decomposed at an ap- 
preciable rate by alpha, beta, and 
gamma radiation giving rise to gase- 
ous products whose presence must 
be considered in designing the pro- 
cess equipment. Parallel to the chem- 
ist’s problem of finding stable ma- 
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terials for use in the process, is that 
of the chemical engineer who must 
design equipment that will not ex- 
ceed the maximum contact time of 
solutions as specified by the chemists 
and meet the shielding requirements 
in a particular area. 


Shielding 


Shielding from gamma radiation 
during the processing may require 
several feet of concrete. Where the 
processing hazard is no longer gamma 
radiation it may be replaced by an 
equally serious one, as in the case of 
plutonium, from the toxicity of the 
isotopes being produced. The prob- 
lems posed by operating and main- 
taining intricate equipment by re- 
mote control are constantly in need of 
better solutions. 


The needs, economic and otherwise, 
for high recovery of both primary and 
secondary fuels in the chemical pro- 
cessing are obvious. Processing losses 
in the fuel may be greater than the 
loss through burnup in the reactor. 
If one per cent of the fuel is consumed 
per pass through the reactor, a 0.1 per 
cent loss in reprocessing is equivalent 
to a 10 per cent loss in heat, pluto- 
nium, or whatever else would ulti- 
mately have been produced by the pri- 
mary fuel. The reprocessing can, of 
course, be made more efficient but 
probably only at the expense of time 
and additional equipment. This must 
be balanced against the potential value 
of the material, and it is not always 
easy to decide the point of diminish- 
ing returns. 


High chemical and radiochemical 
purity of the recovered fuels is as 
strict a requirement as high yield. 
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Impurity substances in the parts per 
million range that would, by parasitic 
neutron capture reactions, reduce the 
efficiency of the chain reaction, or af- 
fect the physical properties of the fuel 
elements, must be removed. The large 
scale preparation of high purity ur- 
anium was the necessary forerunner 
of a successfully operating reactor. In 
the reworking of the fuel after chemi- 
cal processing, a high degree of sepa- 
ration from radioactive fission prod- 
ucts is required, as many metallurgi- 
cal or fabrication steps must be done 
at short range. Separation of these by 
a factor of a million or more may be 
required, again complicating the sepa- 
ration process and necessitating addi- 
tional steps with attendant possibility 
of processing losses. The development 
of remote control metallurgical pro- 
cedures can alter the entire processing 
picture. 


Critical Mass 


Combined with the problems of 
high yields and decontamination fac- 
tors, the processing of nuclear fuels 
introduces another problem, wholly 
unique in the field of chemical pro- 
cessing, the problem of the critical 
mass. 

Except for the critical mass con- 
sideration, the size of a plant could 
be whatever needed to accomplish the 
desired throughput. Even so, the 
plants would be regarded as small by 
ordinary standards since process vol- 
umes may only be equivalent to a 
maximum of a few per cent of the 
capacity of the newest type catalytic 
cracking units, which are reported to 
have a capacity of 15,000 barrels per 
day. The number of grams of U-235 
or Pu-239 that can be assembled with- 
out starting a chain reaction is defi- 








nitely not infinite; indeed recently de- 
classified information indicates this 
to be the order of a few pounds. 
Chemical process equipment must be 
designed accordingly to prevent the 
accumulation, or even possible ac- 
cumulation of such amount. Incident- 
ally, the chemist must be certain that 
no side reactions occur in which ma- 
terial may accumulate. Such a re- 
striction limits the amount of ma- 
terial a plant may reprocess without 
resorting to numerous small scale 
batch steps. Some of the unattractive 
features of this are overcome if con- 
tinuous processing is employed, with 
correspondingly smaller fuel holdup. 
Techniques 


The actual techniques by which nu- 
clear fuels may be processed are many 
and varied. Strictly physical methods 
are employed when the problem is 
one of separating two isotopes of the 
same element, as for example U-236 
from U-238. Chemical methods such 
as precipitation, ion exchange, solvent 
extraction and volatilization are basic- 
ally better adapted to the problem of 
separating low concentrations of ma- 
terials such as plutonium and fission 
products from high concentrations of 
elements such as uranium or thorium. 
The most desirable process for a given 
separation is, obviously, one in which 
the recovery is high, the decontami- 
nation complete, and the wastes left 
in readily disposable form. The physi- 
cal form in which the fuel is used 
may determine to a degree the type 
or efficiency of the process used. As 
the known fuels are all metallic ele- 
ments, they may be prepared and 
used in this form as powders, rods, 
sheets. etc. or in the form of oxides 
or salts. Except in the case of the so- 
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called homogeneous reactors, in which 
ie fuel is dissolved in water, the fuel 
nust be covered to prevent gross con- 
tamination from escaping fission pro- 
ducts. The first step in processing 
then may consist of physical or chemi- 
cal removal of this coating, followed 
by one, or a combination of the sep- 
aration techniques mentioned pre- 
viously. The largest amounts of radio- 
activity will be handled at the start 
of the processing: after a few stages 
this will be reduced to a point no 
longer requiring maximum shielding, 
and the final product will be rela- 
tively inactive, although still requir- 
ing cautious handling owing to tox- 
icity. 

For each separation method there 
are degrees of desirability. Precipita- 
tion processes may be made highly se- 
lective, but are not adapatable to con- 
tinuous operation. Extraction and ion 
exchange process may be operated 
continuously but critical mass and ra- 
diation stability factors may weigh 
against them. There probably is no 
single technique best suited for all 
types of fuel processing. 


At this point it may be appropriate 
to consider processing in the light of 
the economics of power, or fissionable 
material, production. The direct costs 
of running the technical portion of a 
nuclear energy or plutonium produc- 
tion program arise from operation of 
the reactors themselves, and from the 
chemical and metallurgical reprocess- 
ing. Assuming then that some large 
share of the cost of producing power 


(or fuel) is in the processing, it points 
up a field in which the battle for 
economic power may be lost or won. 
Many of the factors already men- 
tioned enter again; reducing the num- 
ber of processing steps (either by im- 
provements and innovations in the 
technology of fuel processing); im- 
proving the efficiency of existing pro- 
cesses; designing reactors and select- 
ing fuels in such form as to require 
little or no processing; developing hot 
metallurgical techniques for refabri- 
cation of metallic fuels. 

One really long term goal in nu- 
clear energy is the production in a 
reactor of more fissionable material 
than is burned, this process being 
known as breeding. At best the 
amount of fuel bred will only exceed 
slightly the amount of fuel burned in 
a reasonable time. If, as is often con- 
sidered likely, thorium is used to 
breed U-233 employing the excess 
neutrons from power or plutonium 
production, the efficiency of the chemi- 
cal processing will be a major factor 
in the attainment of a breeding gain. 
Costs and efficiencies of the additional 
facilities for processing thorium as 
well as uranium will be a major fac- 
tor, quite apart from the technical 
feasibility of the process, in any situa- 
tion where the economics are being 
considered. So, in a sense, on the 
chemical processing will depend to a 
large extent the long range economic 
feasibility of atomic power. The 
challenges to the chemist, the chemi- 
cal engineer, and the metallurgist are 
plain. 


Some plants flower only when the daily period of illuminaticn 
is relatively short—that is, when the days are short and the nights 
long; when the light periods are long the plants remain vegetative. 
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Development of Reactors the Same 
Whether for Ship or Power Plant 


Atomic Power For Military Use 


by Mies C, Leveretr 


Technical Director The NEPA Project, Oak Ridge, Tenn. 


A paper given before the American 
Association for the Advancement of 
Science at its Cleveland Meeting, 
December 28, 1950. 


> My susject is “The Role of Military 
Developments in the Field of Atomic 
Power.” I shall confine my remarks to 
the energy of atomic fission as it may 
be used to provide propulsive force 
to generate electricity or for other 
purposes. Thus, I exclude at the out- 
set any discussion of such by-products 
of fission as the use of radioisotopes 
in industry, medicine or research. 
Radioisotopes, even though impor- 
tant, are and will continue to be only 
a small fraction of the total utilization 
of nuclear fission. Utilization of the 
energy itself is the problem of which 
I will speak. 

Perhaps the most outstanding char- 
acteristic of the field of atomic energy 
development at present is the fact that 
it is motivated almost entirely by 
military objectives. One does not 
have to go far to find the reason for 
this. Only military incentives are 
strong enough at present to provide 
the driving force necessary and the 
support requisite to carrying out a 
major development program for the 
utilization of the energy from fission. 
Some may claim that there are ex- 
ceptions to this statement but they 
seem rather to prove the rule. For ex- 
ample, immediately after the war, 
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Professor Farrington Daniels and a 
group at what is now the Oak Ridge 
National Laboratory undertook the 
development of a reactor for the pro- 
duction of energy for peaceful pur- 
poses. In spite of the efforts of a skill- 
ful team of engineers and physicists 
this effort finally came to a halt be- 
cause the magnitude of the technical 
problems to be solved seemed greatly 
to outweigh the value-of the develop- 
ment for the purpose originally 
stated. More recently, the General 
Electric Company has changed at the 


request of the Atomic Energy Com- 
mission from its program of develop- 
ment of a reactor for the production 
of energy for peaceful purposes to 
one of development for use on naval 


vessels. It is true that a reactor has 
recently been put into operation at 
the Brookhaven National Labora- 
tory for use in research; however, 
this cannot be considered to be di- 
rected at power development since it 
is strictly a research tool. Even the 
proposal of Dr. Charles Allen Thom- 
as, of the Monsanto Chemical Com- 
pany, for industry operation of a 
reactor having the dual purpose of 
producing plutonium and producing 
salable electric power is dependent 
for its success upon the assumption 
that plutonium will be needed for 
military purposes for a long time. 
There are today no substantial private 
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investments in nuclear power. It can 
therefore be concluded that the com- 
mercial motive for the development 
of nuclear power is not yet sufficiently 
strong to result in such development. 
It may be added that it does not seem 
that the absence of commercial de- 
velopments of nuclear power is due 
entirely to the very large initial in- 
vestment which must be made in 
a nuclear power plant since such in- 
vestments are no larger than those 
which industry is accustomed to make 
in other cases. The difficulty is that 
the rate of return on the investment 
and the value of the product do not 
seem sufficiently high to warrant 
making the investment. 


We find the field of development of 
nuclear energy dominated at present 
by military requirements for pluto- 
nium, for hydrogen bomb materials, 
and for superior means of propelling 
ships and airplanes. It is fair to ask 
ourselves whether these developments 
will produce anything of technologic 
value to the development of atomic 
energy for peaceful pursuits. In order 
to answer this question it is necessary 
only to note that the directions in 
which reactor design and _ perform- 
ance must be improved in order to 
satisfy military requirements are in 
very many cases identical with those 
in which improvement must be had 
for commercial purposes. A number 
of examples may be cited. It is well 
known that the reactors which pro- 
duce plutonium at Hanford operate 
at a relatively low temperature, so 
low in fact that there is no reasonable 
possibility of getting power from 
them. The reasons for this are tech- 
nologic; no high temperature reactor 
was feasible when they were built. 
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However, reactors to operate at high- 
er temperatures are clearly necessary 
for power and also for any propulsive 
application. Whether one wants a 
reactor to drive a steam turbine in a 
naval vessel or to drive a steam tur- 
bine in an electric power plant, the 
temperature must be high enough to 
make steam in reasonably efficient 
fashion, and the technical develop- 
ment work through which one goes 
in achieving such a reactor is much 
the same regardless of whether the 
development is for the ship or for the 
stationary power plant. As another 
example it may be noted that in a 
commercial atomic power plant it will 
be desirable to keep to a reasonably 
low value the amount of fissionable 
material invested because of the scar- 
city and cost of the fuel. This is also 
desirable in power plants for military 
purposes since not only is there an 
element of first cost involved, but 
also the risk of loss of fissionable ma- 
terial in such a power plant must 
be considered. In either case the 
power plant designer strives to extract 
the maximum amount of power from 
the minimum investment of fuel, i.e., 
power-producing reactors will be high 
neutron flux reactors. This brings in- 
to existence some relatively new tech- 
nical problems, since it means that the 
materials within the reactor are ex- 
posed to a high intensity of radia- 
tion and bombardment by nuclear 
particles. The development of ma- 
terials to withstand such high fluxes 
is therefore a problem common to 
both military and peaceful motivated 
reactor developments. The materials 
testing reactor, being constructed for 
the Atomic Energy Commission at 
Arco, Idaho and to be operated by the 


25 





































































































































































































































Phillips Petroleum Company, is de- 
signed expressly to make possible the 
carrying out of tests of materials in 
high fluxes of pile radiations. It will 
therefore be useful both to peaceful 
and military reactor developments. 


One of the problems which faced 
the engineers and physicists working 
on the Daniels power pile was that of 
finding suitable materials for service 
at high temperatures and high neu- 
tron fluxes. Subsequent work by an 
entirely different group on nuclear 
propulsion for aircraft has resulted in 
the development of materials which 
with little modification would be 
useful in an application such as the 
Daniels power pile. Thus one type of 
peacetime power producer has been 

made easier by efforts to develop a 
military type of reactor, in this case 
for an aircraft. The requirements 
placed upon coolants for removing 
heat from military reactors have re- 
sulted in the development of a con- 
siderable body of knowledge regard- 
ing a number of materials which pre- 
viously had been regarded only as 
chemicals, never as materials with 
useful physical properties. It seems 
likely that these will find wide ap- 
plications not only in the field of 
atomic energy but also in other en- 
gineering fields. These developments 
have come almost entirely out of the 
developments made necessary by mili- 
tary objectives of the atomic energy 
program. 

Not only have new materials been 
made available to industry, but also 
new techniques. The gaseous diffusion 
process used in the separation of 
uranium 235 from the other naturally- 
occurring isotopes is an outstanding 
example of this. New types of pumps, 
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seals, bearings, valves, etc. are also un- 
der development, and will be useful 
in many industries. One may genera- 
lize the situation by saying that the 
developments necessary for peaceful 
utilization of nuclear fission and for 
military utilization of nuclear fission 
are essentially the same up to a point 
rather close to the ultimate use. From 
a broad technologic point of view, 
therefore, it probably makes little 
difference whether the program is mo- 
tivated by military or commercial 
considerations since the technologic 
problems which will be solved will be 
essentially the same in both cases. 


I am aware that there is consider- 
ably more to the matter of military 
motivation of the Nuclear Energy 
Program than simply the solution of 
difficult technical problems. One of 
the more important considerations of 
this other type is that of whether 
the dominance of military motives in 
the program will adversely affect 
either the program or the social struc- 
ture of science and engineering. We 
can get some ideas about this from 
the history of science and of engi- 
neering. A brief look at the past 
shows that military motives have al- 
ways been among the most prolific 
sources of support for science. For ex- 
ample, Archimedes was preoccupied 
throughout most of his life with prob- 
lems of military significance. He is 
said to have built war engines which 
prolonged the Roman siege of Syra- 
cuse by three years and there is little 
doubt that some of his less evidently 
military developments such as the 
water screw, which was a crude 
pump, and certain machines moved 
by air and water were sponsored by 
the military government of his time. 
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The chronometer, which seems about 
as un-warlike as any device one can 
imagine, was developed as a result of 

20,000-pound reward offered by the 
British Parliament for a reliable meth- 
od of determining longitude at sea. 
The longitude could be determined 
only if a very accurate time-keeper 
were available and was needed for 
naval as well as commercial purposes. 
It was won by John Harrison in 1773 
who built a chronometer which had 
an error of less than two minutes over 
a period of five months. The mapping 
of countries and of the world was al- 
so motivated in the first instance by 
military considerations, and maps 


were among the most treasured mili- 
tary secrets. The closeness of the mili- 
tary to engineering may be inferred 
from the fact that at first there were 
no engineers who were not military— 
they were known simply as engineers. 


It was not until sometime later that 
it became necessary to distinguish 
from them certain engineers who 
were not military and were hence 
called civil engineers. Other branches 
of engineering, of which there are 
many these days, are all more recent 
inventions. The association of sci- 
ence and technology with military is 
therefore not at all a recent curse to 
fall upon the scientific and engineer- 
ing fraternity, but has been at least 
‘ndured and probably has been a 
somewhat beneficial stimulus through- 
out the centuries for new develop- 
ments and the discovery of new 
knowledge. 


The development of atomic power 
for peaceful use could conceivably 
ake place in either of two sorts of 
programs: 


a) Research and development pro- 
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grams motivated by the desire to de- 
velop certain materials or techniques 
more or less without regard to 
whether any useful end application 
can at the moment be clearly seen. We 
may call this “technique motivation.” 


b) Research and development pro- 

grams motivated by the desire to ac- 
complish some particular useful end 
object, such as power generation at 
low cost. We may call this “applica- 
tion motivation.” 
A “technique motivated” program is 
likely to be scientifically interesting 
and intellectually pleasant, but is very 
likely to spend much money without 
producing anything directly useful in 
return. An “application motivated” 
program, on the other hand, wil! pro- 
duce a useful end object, and will very 
often produce new and useful tech- 
niques as well, although it tends as 
a matter of expediency to use existing 
knowledge and techniques where pos- 
sible. A well balanced program will 
contain both technique motivated and 
application motivated groups. My 
purpose in introducing this thought in 
this paper is to point out that tech- 
nique motivation is usual in aca- 
demic institutions and in such places 
as the national laboratories, whereas 
application motivation is more com- 
mon in industrial and military work. 
Thus the role of the military will 
more nearly parallel that of industry 
than those of academic institutions 
and national laboratories. 

It is sometimes asked whether the 
fact that military motives dominate 
the atomic energy program at present 
will lead to a domination of the whole 
atomic energy program by the mili- 
tary establishment. It would appear 
that the armed services wish to have 
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less rather than more to do with the 
development of atomic energy, even 
for military purposes, and wish to 
confine themselves to the outlining of 
objectives and methods of use of the 
products of such development. Form- 
er Defense Secretary Johnson has stat- 
ed, “The military establishment has 
not attempted and will not attempt 
to take atomic energy away from 
civilian control and turn it over to 
the military. We have no desire to 
handle the matter — we have none 
now—we want none of it in the fu- 
ture. We have plenty of our own 
jobs to handle. I intend to see that 
this attitude is maintained.” 

In spite of this the military will of 
course not be able completely to dis- 
sociate itself from programs of de- 
velopment of nuclear-powered wea- 
pons, like the submarine and_air- 
plane. It will require a certain mini- 
mum of facilities, trained personnel 
and money to carry out scme of its 
own work in the field of nuclear 
power just as in other momentarily 
less glamorous fields. But it would 
seem that the military will, as al- 
ways, rely heavily on industry to 
carry out its major development pro- 
grams. Furthermore, it must be seri- 
ously considered whether the military 
should be put in the position of hav- 
ing to rely on a non-military agency 
for military decisions on weapon de- 
velopment. There have already been 
some hints that such an arrangement 
handicaps the military. Furthermore, 
to make the Atomic Energy Com- 
mission responsible for weapon de- 
velopment is to make it a part of the 
military establishment in effect, if not 
in fact, and this may very well inter- 


fere with the proper performance of 
its obligations to develop atomic en- 
ergy for peaceful purposes. 


For the future, or at least for the 
next few years, it seems to me that 
there is little possibility of any sub- 
stantial change from the present domi- 
nance of military motives in the 
atomic energy program. This does 
not necessarily set back the time when 
nuclear energy may be used for peace- 
ful purposes but may in fact bring 
it nearer since, as pointed out above, 
the peaceful uses of atomic energy 
are not wanted with sufficient urg- 
ency, at least in this country, to war- 
rant the expense of solving the tech- 
nologic problems necessary to make 
them possible. This does not mean 
that there should not be a small but 
highly significant effort made by cer- 
tain groups of scientists and engi- 
neers in the atomic energy program to 
map out the proper directions of de- 
velopment for given types of peace- 
ful utilization of atomic energy. Only 
in this way can full non-military use 
be made of the developments which 
arise from military programs. 


Fortunately both the military and 
the National Laboratories seem well 
aware of this fact, and it is pleasing 
to note the existence of long range 
study groups in the National Labora- 
tories. They, and their counterparts in 
industry, must take the responsibility 
for pointing out proper directions for 
peaceful exploitation of atomic en- 
ergy in that time, toward which we 
all strive, when we shall have some 
relief from the urgent pressures of 
military needs for the defense of our 
country. 
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Schools, Government and Industry 


Offer Research Opportunities 


Basic Research In Industry 


by J. A. LeeRMaKeErs 


Assistant Director Research Laboratory, Eastman Kodak Company 


A paper presented before The Na- 
tional Academy of Economics and 
Political Science at the Cleveland 
Meeting, December 27, 1950. 


>To piscuss the subject Basic Re- 
search in Industry, it is necessary to 
define just what is meant by basic 
research. The term “research” as 
commonly applied to industrial lab- 
cratories is usually very broad and in- 
cludes basic research, applied research, 
development, and technology. There 
is little ambiguity about what is 
meant by scientific research; and 


technology, according to Webster, is 
the systematic knowledge of the in- 
dustrial arts, especially of the more 
important manufactures. 


Development is the application of 
experimental and engineering meth- 
ods to specific technological objectives 
after a principle of operation or be- 
havior has been established by re- 
search or by invention. Development, 
therefore, has different objectives 
from research and is usually very 
restricted in scope. 

Research in an industrial labora- 
tory falls in two categories, basic and 
applied. Research, broadly, is experi- 
mental or theoretical work carried 
out to extend scientific knowledge and 
to explore technological methods 
scientifically. The first type of work 
is termed ‘basic research”; the second, 
“applied research.” 
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The principal objective of basic 
research is to add knowledge to a 
field of science without reference to 
any specific application of the infor- 
mation and knowledge derived, 
whereas in applied research, definite 
technological considerations deter- 
mine the field of the work. The dif- 
ference between basic research and 
applied research is therefore one of 
objective rather than of principles or 
methods. What may be classed as 
basic research in one laboratory would 
be applied research in another; the 
investigation of the synthesis of Vit- 
amin A by a concern manufacturing 
pharmaceuticals would be applied 
research, but the same investigation 
done in the Naval Research Labora- 
tory would be basic research. 

For purposes of the following 
discussion, I shall define basic re- 
search, independently of objective, as 
experimental or theoretical investi- 
gations of the properties or behavior 
of systems with the intention of in- 
creasing our scientific knowledge and 
understanding of them. By this defini- 
tion, I intend to exclude the semi- 
empirical exploratory examination 
and testing of materials and systems. 

It is difficult to arrive at a definite 
estimate of the amount of basic re- 
search in the physical sciences being 
done in industrial laboratories in the 
United States, but a guess can be 
made as to its order of magnitude. 
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Based upon figures given in the Bush 
report,’ the annual expenditure of in- 
dustrial research laboratories is of the 
order of ten times that for research in 
universities. 


The amount of basic research done 
in different industrial laboratories var- 
ies considerably, ranging from none 
to as high as 20 percent of the total 
program for a few laboratories. A 
guess for an average of all laboratories 
is about 3 percent of the total cost of 
industrial research. Assuming this 
figure, we find that the industrial lab- 
oratories in the United States do 
about one-third as much basic re- 
search in the physical sciences as the 
univerisities. This estimate is close to 
that which can be inferred from 
Professor Charles Kraus’ analysis? of 
the sources of the scientific papers ap- 
pearing during 1949 in the Journal of 
the American Chemical Society. The 
preceding figures apply only to the 
physical sciences; very little research 
in the social, economic, and political 
sciences is carried on in industry. 


Although the amount of basic re- 
search in different industrial labora- 
tories varies considerably, its quality 
is at least comparable with that done 
in universities. Industrial laboratories 
whose directors have had the vision 
and courage to undertake basic re- 
search and to resist the pressure to 
divert productive and capable scien- 
tific workers to programs of more im- 


1 Bush, Vannevar: “Science the Endless 
Frontier,” page 80, U. S. Government 
Printing Office, Washington, 1945. (Re- 
port to the President on Program for 
Postwar Scientific Research). 


? Kraus, Charles A. (Brown University, 
Providence, R. I.): “The Present State of 
Academic Research,” Chemical and Engi- 
neering News 28:3203-4, September 18, 
1950. 
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mediate industrial importance have 
made notable contributions to science. 
A number of examples of such labora- 
tories can be given, but I shall men- 
tion only several which have long rec- 
ords of continuous and significant ac- 
complishments. 


The General Electric Research Lab- 
oratory was the first major industrial 
laboratory in this country. Under the 
leadership of Dr. Willis Whitney and 
his successors, it has added materially 
to progress in physics and chemistry. 
Of its many contributions to science, 
perhaps the best known are those of 
Dr. Irving Langmuir, for which he 
received a Nobel Prize. Dr. W. Cool- 
idge’s fundamental work on X-ray 
tubes is also widely recognized, and 
many other important studies have 
been carried out and published by 
General Electric. 


The Bell Telephone Laboratories 
are the largest industrial research 
laboratory in the world, with a total 
staff of about 6000. The laboratories 
are responsible for the research and 
development work of the American 
Telephone and Telegraph Company, 
and they do a large amount of basic 
research in a separate department 
which itself constitutes an industrial 
laboratory devoted solely to research. 
The scientists in this department do 
not ordinarily work on technological 
developments leading from their 
fundamental investigations. The Bell 
Telephone Laboratories have made 
many important contributions to 
science, a single example being the 
classical Nobel Prize research by 
Davisson and Germer on the diffrac- 
tion of electrons. 

When the Kodak Research Labora- 
tories were started in 1913, Dr. C. E. 
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K. Mees made it a definite policy to 
carry on basic research on the theory 
of the photographic process. This 
policy has been continued, and at the 
present time about 20 percent of the 
laboratory’s activity is in this field. 
The laboratories have had published a 
total of 1380 communications in scien- 
tific journals, the number for 1950 
being 51. The Kodak Research Lab- 
oratories, in this country and in 
Europe, have in recent years contrib- 
uted more to the science of the 
photographic process than any other 
institution, academic or industrial. 


There are other examples. Research 
by pharmaceutical industry, in some 
instances in collaboration with uni- 
versity laboratories, on antibiotics, 
vitamins and antihistamines is of the 
highest order and recognized as such. 
Fundamental studies of hydrocarbon 
reactions at high pressures and of 
other synthetic organic systems by the 
laboratories of the petroleum indus- 
try have opened up whole new fields 
of organic chemical research. Much 
basic research is being done in in- 
dustrial laboratories on the prepara- 
tion and properties of polymers. 
There is no need to add further to 
this list. 


Although much progress has been 
made in the development and manu- 
facture of new materials and products 
by technology alone, it has been rec- 
ognized for many years that the ap- 
plication of science to industrial prob- 
lems has had much to do with raising 
our standard of living in a material 
sense. In recent years, considerable 
publicity has been given to the need 
for some kind of national support of 
scientific research. The efforts of 
many groups have finally led to the 
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establishment of the National Science 
Foundation which is to assist in pro- 
viding an adequate backlog of basic 
research for the technological de- 
velopments of industry and govern- 
ment. 


I cannot discuss the obligation 
which industry might have to sup- 
port, by some method of taxation or 
by outright contribution, research in 
universities or research foundations. 
At the present time, the prime re- 
sponsibility for carrying on basic re- 
search rests with the universities and 
certain research institutes, and this 
should continue. The teaching and 
training of scientists can only be done 
in the universities or in institutes 
which are of the academic type. For 
broad and fundamental training, the 
student must do research of a basic 
rather than development nature. It is 
in the universities that true intel- 
lectual freedom, so essential to the 
development of the scientific attitude, 
is found. The striking success of the 
universities throughout the world in 
advancing science by teaching and re- 
search argues that the proper place to 
carry on fundamental research should 
continue to be the universities. It is 
significant that the National Science 
Foundation does not propose to estab- 
lish research institutes but to finance 
research programs within the existing 
framework of the university system. 


It is difficult to foresee what effect 
the tremendous sums being appro- 
priated by the Government for re- 
search and development will have 
upon the research work in universi- 
ties. It is apparent that there will be 
changes, and it is hoped that these 
will in no measure reduce the effect- 
iveness of the universities as centers 
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of scientific research and _ scientific 
thinking. Excellent scientific work 
has been done and is being done by 
government agencies. It is almost cer- 
tain that in the future these agencies 
will contribute an increasing amount 
of scientific knowledge to supplement 
that provided by the universities and, 
to a lesser extent, by industry. 

Because of its obligations to its 
owners, the stockholders, an industrial 
laboratory must confine its efforts to 
scientific or technological problems 
which are related to the business of its 
company. With this in mind, the di- 
rector must define within rather 
broad limits the general areas of 
fundamental work. The very im- 
portant basic research carried out by 
the Bell Telephone Laboratories, for 
example, has been mostly in the fields 
of physics and electrical engineering. 
The work of the Eastman Kodak 
Company has been confined broadly 
to the science of photography. The 
scientific contributions of the labora- 
tories of pharmaceutical manufactur- 
ers have been limited to products of 
use to the medical profession. 


Not all industrial research labora- 
tories carry on basic research, but the 
oldest and the most successful have 
recognized that development by tech- 
nology alone can be successful over a 
long period only up to a certain point. 
Usually, technology precedes science, 
but after a certain stage in the manu- 
facturing art has been reached, an 
understanding of the scientific prin- 
ciples underlying the technology is 
required for continued progress. The 
electricai industry, starting with such 
inventors as Edison and Bell, is an ex- 
ample of this. There are many cases 
in industry, however, where the basic 
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research on a particular problem of 
technological importance is carried on 
side by side with the more or less em- 
pirical approach. There are exception- 
al examples where the technological 
solution has followed a _ thorough 
scientific attack on the underlying 
principles, notably the atomic bomb. 


I think that most directors of in- 
dustrial laboratories who encourage 
basic research feel that its value lies 
principally in providing a broad back- 
ground of understanding in the spe- 
cific fields related to their technologi- 
cal problems. They hope for and 
accept gratefully any industrial de- 
velopments which lead directly from 
basic research but consider the re- 
turns in knowledge as quite sufficient 
to justify the work. Otcasionally, im- 
portant, completely novel industrial 
developments result from following 
up observations made in fundamental 
research, and this form of “hitting the 
jack pot” pays many times over for 
the relatively small cost of the work. 

It can be argued that all industry 
should carry on basic research in its 
own specialized fields. In the first 
place, such research pays well from 
the commercial standpoint. In the 
second place, no university can afford 
to work intensively in the relatively 
restricted fields of industrial special- 
ization, nor can they work as effective- 
ly as the industries themselves. The 
universities must apply themselves to 
staying in the very forefront of ad- 
vancing science where the technologi- 
cal implications of their findings are 
usually obscure. If they are to do this, 
they cannot use their relatively limit 
ed resources for investigations of 
primarily technological interest. 

In most industries, the basic re 
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search required for the continued de- 
velopment of products and processes 
must be done in their own labora- 
tories. A specific example with which 
| am most familiar is the photographic 
industry. The early scientific studies 
of photography were made by ama- 
teur photographers and a small group 
of scientists who became interested in 
the theory of the photographic pro- 
cess. With growth, the photographic 
manufacturers established laborator- 
ies and undertook research in the 
theory of photography, and these in- 
dustrial laboratories have provided 
most of the knowledge in this field. 
Some good basic work has been done 
in universities, principally in the field 
of crystal physics. The major part of 
photographic research will probably 
continue to be done in industry be- 
cause it is difficult to do effective work 
without the specialized knowledge 
and equipment required. 

Some industria] laboratories carry 
on fundamental work in scientific 
areas which are being actively in- 
vestigated in the universities. For ex- 
ample, a considerable amount of re- 
search on high polymers and on elec- 
tronics is being done in industrial 
laboratories as well as in universities. 
In many instances, the pharmaceutical 
ndustry co-operates directly with the 
iniversities and medical schools in its 
fundamental investigations. 

There has been some feeling in 
academic circles that the workers in 
ndustrial laboratories do not have as 
much freedom to select problems as 
do scientists in universities. This is, 
on the average, true and for very 
good reasons. Much of the work is of 
i development nature and is directed 
toward the solution of specific prob- 
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lems of commercial interest. The 
course of this work is fairly well de- 
fined, the scientists being given the 
responsibility for devising the means 
of solving particular phases of the 
over-all problem. 

In respect to basic research, the sit- 
uation is quite different. It has been 
mentioned that the fields of work are 
broadly delineated by the company’s 
commercial interests. Beyond this, the 
choice of problems and area of in- 
vestigation are usually left to the 
scientist or to the individual who, to 
avoid unnecessary duplication, loose- 
ly co-ordinates the activities of a group 
of research workers. 

Basic research cannot be directed. 
Only the scientist can judge day-to- 
day results and plan his own program 
based upon these results. He must 
follow his own intuition and judg- 
ment in designing and _ interpreting 
experiments. If he is not capable of 
carrying on his own program, he 
should not be engaged in funda- 
mental work except as a highly skill- 
ed technician serving as a pair of ex- 
perimental hands for a more capable 
scientist. 

It can be said, in general, that the 
environment and facilities for doing 
fundamental research in some of our 
larger industrial laboratories are as 
favorable as those of academic labora- 
tories and, in some respects, superior. 
Except for the restrictions noted, the 
scientists are permitted to select their 
own problems, although they may be 
called upon from time to time to ob- 
tain fundamental background infor- 
mation of importance to other groups 
who are engaged in applied research 
or development. In universities, the 
research worker must often give up 
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some time to teaching. For those in- 
terested in doing research, the indus- 
trial laboratory offers the opportunity 
to devote full attention to research 
and stimulation of association with 
other scientists working in closely re- 
lated fields. It also offers the scientist 
the assistance of a number of special- 
ized services and scientific advisers in 
fields other than his own. Scientists 


in many industrial laboratories are en- 
couraged to publish the results of their 
fundamental research, as is evidenced 
by the articles appearing in the scien- 
tific journals. 

In many cases industrial laborator- 
ies provide a very favorable environ- 
ment for basic research, and their 
accomplishments are evidenced by 
their scientific publications. 


> “We THOUGHT it was just a toy until he got a Government contract!” 
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For The Home Lab 


Methyl Alcohol and Its Derivatives 


by Burton L. Hawk 


> WE are ALL familiar with Methyl 
or “Wood” Alcohol, as it is a very 
useful substance. It usually is the 
chief ingredient of the non-permanent 
types of automobile anti-freeze. It is 
an excellent solvent which makes it 
useful in the manufacture of paints, 
paint removers, artificial silk, photo- 
graphic films, gums, resins, shellac, 
etc. It can serve as a fuel in place 
of ethyl alcohol. It is widely used as 
a denaturant for ethyl alcohol, ren- 
dering the latter unfit for drinking 
purposes. 

Once upon a time wood alcohol was 
actually obtained from wood. When 
wood is distilled, it decomposes into 
charcoal and a volatile fraction which 
condenses to a liquor known generally 
as pyroligneous acid. Upon standing, 
this mixture separates into a heavy oil 
and a lighter aqueous fluid. This 
aqueous fluid contains the alcohol 
along with acetic acid, acetone and 
allyl alcohol. The methyl alcohol is 


separated by distillation. 


But like so many of our organic 
reagents, methyl alcohol is now pre- 
pared synthetically. This is done by 
the combination of carbon monoxide 
with hydrogen at 350 degrees C. un- 
der pressure in the presence of a suit- 
able catalyst, such as a mixture of 
copper, chromium and zinc oxides: 

CO + 2H, > CH;OH. 

Primary alcohols are easily dehydro- 

genated by passing their vapors over 
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metallic copper at 300 degrees. Al- 
though we casually speak of this as 
oxidation, actually no oxygen or oxi- 
dizing agent is involved; it is simply 
a process of eliminating hydrogen and 
is technically known as dehydrogena- 
tion. 

In the home lab this can best be 
done by plunging a red-hot copper 
wire into the alcohol. Wind a thin 
copper wire around a glass rod sev- 
eral times to form a small coil, allow- 
ing about 6 inches of straight wire as 
a handle. Using a pliers, heat the 
coil to redness in the flame of an al- 
cohol lamp or Bunsen burner. Plunge 
the hot wire into a small quantity of 
methyl alcohol in a test tube. Cool 
the test tube by immersing it in a 
beaker of cold water in order to pre- 
vent too much evaporation. Repeat 
this operation 5 or 6 times. Soon you 
will be able to recognize the pungent 
odor of formaldehyde. 

If you do not wish to depend solely 
upon your nose, you may confirm the 
presence of formaldehyde by a chemi- 
cal test. Dissolve a small quantity of 
alpha-naphthol in dilute sodium hy- 
droxide solution. Add a few drops to 
the formaldehyde solution, and heat 
just to the boiling point. A light 
green color will form which will turn 
blue upon standing. 


Oxidation to Formic Acid 


Now if we proceed one step fur- 
ther with our “oxidation,” we can 
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obtain formic acid. In this case the 
reaction is actually an oxidation, as 
we are to use an oxidizing agent. 

Dissolve 2 grams of potassium 
dichromate in 8 cc. of dilute sulphuric 
acid (use equal parts water and acid). 
Cool the mixture and add $ cc. of 
methyl alcohol dissolved in 4 cc of 
water. Stir. The action may be vig- 
orous and the solution turns dark 
green. Transfer to a flask and distil 
by applying gentle heat. If the re- 
action becomes too violent, remove 
the flame until it subsides. The color- 
less liquid obtained as the distillate is 
formic acid, as you can tell by its 
sharp, pungent odor. But, again, you 
can verify the presence of formic acid 
by a demonstration of its reducing 
action upon silver nitrate or mercuric 
chloride solutions. 


Fragrant Esters 


Before we proceed further, it might 
be well to add a word of caution. 
We must not forget that methyl al- 
cohol is quite poisonous. When taken 
internally it causes intoxication, blind- 
ness, and finally, death. Even pro- 
longed inhalation of its vapors can 
cause blindness. Therefore, use care 


Mineral for 


> A MINERAL called petalite is produc- 
ing a new industrial ceramic able to 
stand up under temperatures as high 
as 2192 degrees Fahrenheit. 

Studies of the quartz-like material, 
known for over a century but never 
utilized, have been accelerated with 
the advent of jet and rocket engines, 
John D. Clark, a Philadelphia engi- 
neer, has reported. 

Such engines, which must with- 
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in handling. and do not inhale the 
vapors more than is necessary. Do not 
allow it to spill on any open cuts or 
sores on the skin. 


Wintergreen 


Place 2 grams of salicylic acid in a 
small flask. Add 4 cc. of methyl al- 
cohol and one cc. of sulfuric acid. 
Heat gently for a few minutes. You 
will soon be able to detect the de- 
lightful aroma of wintergreen. This 
is methyl salicylate, or synthetic oil of 
wintergreen, or “teaberry,” if you 
prefer. It is used in flavoring candies, 
chewing gum, etc. 


Bananas 


Methyl! acetate has a pleasant odor 
somewhat similar to banana oil (ethyl! 
acetate). Heat together a mixture of 
one cc. of acetic acid, 2 cc. of methyl 
alcohol, and a few drops of sulfuric 
acid. Smell cautiously. 


Orange Blossoms 


Warm gently a mixture of 2 cc. 
methyl alcohol, 3 gram of beta- 
naphthol. and 10 drops of concentrat- 
ed sulfuric acid. Recognize the odor? 
A-a-a-h! Sweet orange blossoms! 


Rocket Engines 


stand towering temperatures, brought 
a bottleneck in materials able to shrug 
off a phenomenon known as “heat 
shock.” Petalite, containing lithium, 
aluminum and silicates, was discover- 
ed to be even tougher than pure fused 
silica in its heat shock properties. 
Mr. Clark predicts wide use of the 
long-neglected mineral, ranging from 
heat-resistant cooking dishes to the 
fittings used in ceramic firing kilns. 
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Synthetic Products 
Avert Oil Famine 








>» Dancer of a shortage of benzene, 
the extremely critical chemical that is 
already in tight supply, can be elimin- 
ated quickly, permanently and eco- 
1omically. Dr. Gustav Egloff, director 
of research for Universal Oil Products 
Co. states that a process, known as 
platforming, discovered by Dr. Vlad- 
imir Haensel and already placed in 
commercial operation, can relieve the 
present shortage. 


In all-out war mobilization, in- 
creased use of benzene for synthetic 
rubber and aviation gas would mean 
cuts in the production of plastics, 
nylon, weed killers, detergents, in- 
secticides and many other essential 
military and civilian products. 


For some time Universal has been 
studying the production of benzene 
through platforming. The term “plat- 
forming” represents the reforming, or 
changing, of gasolines in the presence 
of hydrogen using a platinum catalyst. 
This process, now being used to im- 
prove the quality of motor gasoline, 
will successfully produce benzene in 
practically unlimited quantities, he 
stated. 

Dr. Egloff emphasized that this is 
| most important finding and one 
that will have a significant bearing 
on the nation’s ability to produce ben- 
zene in adequate quantities so that all 
inilitary needs can be met without af- 
fecting the production of civilian 
products requiring large amounts of 
this chemical. Although approximate- 
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Chemists Juggle Oil Products 















ly 170,000,000 gallons of benzene will 
be produced during 1950, all-out war 
would require at least twice this 
amount, a now-unobtainable figure. 


In addition to producing benzene, 
Universal has discovered that plat- 
forming can be used to make large 
quantities of toluene, basic chemical 
in the production of highly explosive 
TNT as well as an important com- 
ponent in fighting-grade aviation gas. 


Development of Synthetics 


> Barrinc unexpected developments 
in atomic or solar energy, a time will 
come when America will have to rely 
on synthetic liquid fuels and imports 
to supplement domestic petroleum, 
Dr. James Boyd, director of the U. S. 
Bureau of Mines, told the American 
Petroleum Institute recently. 


Of these two sources only synthetics 
can offer an assured supply from 
known resources within our own 
borders, he said. This supply is not 
subject to vulnerable sea lanes, foreign 
expropriation or exorbitant taxes and 
concession fees. 


For some years new oil fields dis- 
covered in the United States have been 
decreasing in size and importance, 
he declared. The opposite is true of 
discoveries made abroad. Whereas the 
average new field found in this coun- 
try rarely exceeds 2,000,000 barrels of 
recoverable oil, the 300 fields discov- 
ered abroad during the two decades 
prior to 1943 have an estimated ul- 
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timate yield averaging about 100,000,- 
000 barrels each. 


Our potential oil land, of course, 
has been far more intensely explored. 
We have drilled one wildcat well for 
every 12 square miles of average land 
area here, in contrast to one drilled 
for every 480 square miles abroad. We 
now have less than one-third of the 
proved oil reserves of the world, and 
the land area of Russia alone may be a 
greater potential source of new oil 
than continental United States. 


Work in the United States in mak- 
ing synthetic liquid fuels from coal, 
oil shale and natural gas, both by the 
government and private industry, was 


reviewed by Dr. Boyd. 


Gasoline and other synthetic fuels 
will soon be in production commer- 
cially by a private plant in Texas 
which will use natural gas as a raw 
material. Research and development 
show that high-quality liquid fuels 
can be obtained economically from 
coal and oil shale. Both of these are 
available in vast quantities within this 
nation’s borders. Improved processes 
are bringing the cost of production 
nearer to the cost of production from 
crude oil. 


Coal and Oil Shale 


> Tue U. S. seems to be assured of an 
ample supply of gasoline and other 
liquid fuels without imports. It can 
rely on synthetics produced by im- 
proved methods developed by the 
U. S. Bureau of Mines with industry 
cooperating. 


A pilot and demonstration plant of 
the Bureau of Mines at Louisiana, 
Mo., has already produced 250,000 
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gallons of gasoline from coal and 
large quantities of fuel oils. The 
Bureau’s plant at Rifle, Colo., has an- 
nounced an improved process for ex- 
tracting liquid fuels from oil shale 
which promises products at prices 
competitive with petroleum products. 


During the recent war Germany 
relied heavily on liquid fuels for air- 
craft and submarines. These products 
were obtained from coal and lignite. 
Russia today depends to a considerable 
extent on fuels from both coal and oil 
shale. American methods of obtaining 
liquid fuels from coal are based on 
German methods but are greatly im- 
proved, 


The Louisiana plant is not designed 
for commercial production. It is an 
experimental laboratory to determine 
better ways of utilizing coal for this 
purpose. Commercial production 
awaits action by private industry, but 
the knowledge gained in this govern- 
ment establishment is available to 
private organizations. 


The new feature at Rifle is the de- 
velopment of an improved method of 
processing oil shale, known as the gas 
production process. The process util 
izes a vertical retort which is continu 
ous in operation. Raw shale is fed into 
the top of the retort and moves down 
ward by gravity against an upward 
current of hot gas. 


As the downward moving shale and 
the rising gas pass each other, th: 
shale is heated and the gas is cooled, 
which results in high thermal ef- 
ficiency. Additional heat is supplied 
by burning part of the preheated gas 
with air. 
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Insects and Fungi Fought 
With New Chemicals 


> Insects and fungi in the future may 
be fought with the same kind of ma- 
terials, antibiotics, that are saving 
human lives by the thousands from a 
whole array of infectious diseases. 


A new antibiotic with high potency 
as a fungicide was reported to the 
American Chemical Society at Chica- 
go by Dr. John Little of the Vermont 
Agricultural Experiment Station, Bur- 
lington, Vt. Isolated from the roots of 
a tropical flowering plant, plumeria 
multiflora, it is called plumericin. 

Chemists are searching for new 
chemical fighters of disease in all sorts 
of growing substances. The prime 
hope is that new antibiotics will prove 
more effective against diseases al- 
ready combatted by penicillin, strep- 
tomycin, aureomycin, etc., or against 
ills untouched by them. 


Some of the new substances prove 
too toxic to human beings to be used 
medically and these, if they can be 
made cheaply enough, may prove use- 
ful in the war against insects, mildew, 
molds and other pests that affect the 
things man uses, instead of his health. 


A mold chemical distantly related 
to streptomycin may turn out to be a 
good insect and mite killer, Drs. 
George S. Kido and E. Spyhalski 
have discovered in tests at the Insecti- 
cide Testing Laboratory of the Wis- 
consin Alumni Research Foundation. 
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Antibiotics Against Pests 











The chemical is called antimycin A. 
It comes from an unidentified species 
of Streptomyces. Streptomycin also 
comes from a species of Streptomyces. 


The mold chemical kills insects that 
eat it. It does not kill just by being in 
contact with the insects’ bodies. 
Houseflies sprayed with a solution of 
the chemical showed no ill effects, 
whereas 38% of those that fed on a 
ball of cotton saturated with it were 
dead in 24 hours. 


Antimycin A is also rather choosey 
about which insects it kills. German 
cockroaches and the larvae of the 
webbing clothes moth were not affect- 
ed, but carpet beetles were stopped 
from eating fabrics treated with it. 
Among agricultural pests, the chem- 
ical was effective against second instar 
Mexican bean beetle larvae but not 
against the fourth instar Southern 
army worm. 


The new chemical can kill other 
pests besides insects. It is about three 
or four times more effective against 
the red spider mite than the commer- 
cially available anti-mite chemical, 
di(p-chlorophenyl) methyl carbinol, 
or DMC for short. 


Another antibiotic, netropsin, ob- 
tained from the same family of or- 
ganisms that produces streptomycin 
and terramycin, is reported by Chas. 
Pfizer and Co. chemists as a promis- 
ing weapon against clothes moths and 
carpet beetles. 
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Discovery of the Reaction 
Which Won 1950 Nobel Prize 


Diels-Alder Diene Synthesis 


A Classic of Chemistry 


> SYNTHESEN IN DER HypDROAROMAT- 
ISCHEN Reine; von Otto Diels und 
Kurt Alder, 1. Anlagerungen von 
“Di-en” -kohlenwasserstoffen. In Justus 
Liebig’s Annalen der Chemie, Band 
460, Heft 1. Jan. 1928. 


SYNTHESES IN THE HyDROAROMATIC 
Series; by Otto Diels and Kurt Alder. 
I. Addition products of “Di-ene” hy- 
drocarbons. Translated for CHEMISTRY 
by Helen M. Davis. 


> IN A RESEARCH upon cyclopenta- 
diene-quinone, W. Albrecht made an 
announcement concerning the addi- 
tion of cyclopentadiene to p-quinone. 
He ascribed formulas I. and II. to the 
resulting compounds, which he called 
“cyclopentadiene-quinone” and “di- 
cyclopentadiene-quinone”. 


He states also that cyclopentadiene 
takes up the methylene groups at the 
double bonds of the quinone and 
that the reaction product still keeps 
toth bonds of the cyclopentadiene. 


H. Staudinger inclines to the view 
that quinone and _ cyclopentadiene 
join together to make a cyclo-butane 
derivative, as is also assumed for the 
polymerization of cyclopentadiene to 
di-cyclopentadiene. He prefers struc- 
tural formula III. for Albrecht’s “cy- 
clopentadiene-quinone”. 


The results communicated in the 
following investigations leave no 
doubt that both these ideas are erron- 
cous. 
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The definite proof brought out by 
O. Diels, J. H. Blom and W. Koll, 
that cyclopentadiene is comparable in 
its azo-ester structure to a half-quin- 
one in the formula of N,N’-Dicarboxy- 
ethyl-endomethylene-tetrahydro -py ri- 
dazine (IV.), with addition of a me- 
thylene bridge, gives an entirely dif- 
ferent picture of the method by which 
cyclopentadiene addition may be in- 
duced. 

Also, H. Euler and Josephson, who 
have studied the action of isoprene on 
quinone and from it have observed 
the addition of 2 mol. hydrocarbon to 
1 mol. quinone, assume that this goes 
into the 1,4-position and write the re- 
action product as in V. 

Through these observations, the 
closely related idea of “Cyclopenta- 
diene-quinone” and “Di-cyclopenta- 
diene-quinone” as “endo-methylene” 
compounds (VI. and VII.), though 
notably not brought into the discus- 
sion by W. Albrecht, seems in the 
highest degree probable. 

The experiments which we have 
carried out on both compounds, to- 
gether with other observations which 
we have made, prove the truth oi 
these assumptions. 
“Cyclopentadiene-quinone’’ appears 
thus as the endomethylene derivativ: 
of a hydrated a-naphtho-quinone and 
“Di-cyclopentadiene-quinone” as a de- 
rivative of a hydrated anthraquinone, 


to which 2 methylene bridges are add- 
ed, 
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» Tue steps by which Diels and Alder disproved then-current theories and 
substituted a better one. Formulas I. and Il. are Albrecht’s formulas for 
‘cyclopentadiene-quinone” and “di-cyclopentadiene-quinone.” Formula III. 
's Staudinger’s idea of the reaction product. Diels, Blom and Koll had dem- 

onstrated the formation of the methylene bridge, the key to the puzzle. 
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By reduction with zinc dust and 
glacial acetic acid, “Cyclopentadiene- 
quinone” takes up 2 atoms of hydro- 
gen, as Albrecht has already establish- 
ed. To the hydrogenation product he 
ascribes formula VIII., while accord- 
ing to our view IX. is to be considered 
correct. 


By catalytic hydrogenation of IX. 
the double bond would be destroyed 
and endomethylene-l,4-dioxo-5,8-de- 
calin (X.) formed. By substitution of 
both the oxygen atoms by hydrogen, 
according to Clemmsen, we reach en- 
domethylene-1,4-decalin (XI.)_ itself. 
As would be expected, by this reduc- 
tion as well as through the splitting 
off of water from the di-ol formed as 
an intermediate, an unsaturated hy- 
drocarbon is also formed. 


With the formation of the com- 
pound Cy;Hjg (XI.) the reduction of 
Albrecht’s “Cyclopentadiene-quinone” 
reaches its end. If it possessed the 
structure given in Formula I. by its 
discoverer—to be sure, with reserva- 
tions—its complete hydrogenation 
must lead to a hydrocarbon Cy;Hy0. 


Also, Albrecht’s “Di-cyclopenta- 
diene-quinone” (see formulas II. and 
VII.), according to O. Diels, J. H. 
Blom and W. Koll, is hydrogenated to 
a tetra-hydro compound (XII.) in 
which, doubtless, the two double 
bonds assumed in formula VII. would 
be destroyed. The two oxygen atoms 
are not able to resist reduction, ac- 
cording to Clemmsen. Hence they 
are replaced by hydrogen, and there 
results the interesting di-endomethy- 
lene (1,4-5,8-tetradeka-hydroanthra- 
cene (XIII). Through hydrogenation 
by means of selenium, 6 atoms by 
hydrogen are split off, so that an octo- 
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hydroanthracene with two methylene- 
bridge groups, probably of the struc- 
ture of XIV, results. 

All of these observations are im- 
possible to reconcile with Albrecht’s 
ideas; but they still offer no proof of 
the correctness of the formulas with 
which we have replaced them. 

Indubitable proof appears in num- 
erous other experiments which we 
have made. 


First, it is evident that the addition 
of 1 mol. of butadiene to 1 mol. of a- 
naphthaquinone succeeds with the 
greatest ease. 


The product of the reaction (XV) 
can be, on the one hand, reduced by 
hydrogen, on the ether oxidized 
smoothly to anthraquinone. 


This result, aside from its value in 
deciding the foregoing question, is 
also of practical importance, for it 
gives us a convenient method for 
making partially hydrogenated anthra- 
quinone. 


Further evidence can be brought 
forward upon the grounds of the fol 
lowing considerations. 


Similarity in the way azoesters and 
quinone act toward cyclopentadienc 
and other hydrocarbons suggests that 
it is not impossible that stable com 
pounds might also be formed with the 
anhydrides of maleic, citraconic and 
itaconic acids. For the similarity o! 
form of all these compounds is evi 
dent when their formulas are brough 
together. This impression is deepene: 
by the observations of P. Pfeiffer an: 
Th. Béttler, who rightly attribute th 
appearance of color in solutions o! 
aromatic hydrocarbons, amines, phen- 
cls and other compounds, upon addi- 
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» THE compounD represented by formula XV. was obtained by Diels and 
lider as the product when butadiene is added to a-naphthaquinone. Finding 
hat their method resulted in smooth transition from doubly linked straight- 
chain hydrocarbons to complex ring formations, the two chemists proceeded to 
ry their synthesis reaction on a large number of organic compounds. Varia- 
tions of the methylene bridge gave rise to interesting spatial configurations in 
ome of them as indicated in XIXa. Hope was expressed that the new method 
vould lead to terpene-like compounds like those occurring in nature. 
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> Compounns whose similarity of structure allow them to take part in the diene 
synthesis reaction. The formulas are written in a form to emphasize their 


points of similarity. 


tion of maleic anhydride, to formation 
of quinhydrone linkage. 


We have now established that, in 
fact, maleic anhydride, and also free 
maleic acid, and citraconic and itac- 
onic anhydrides as well, usually at 
ordinary temperatures—add smoothly 
onto cyclopentadiene and butadiene, 
and also onto complicated hydrocar- 
bons, with a system of conjugated 
double bonds, as for example, cyclo- 
hexadiene or phellandrene, in the 
same way that azoester joins onto 
quinone. The double bond of the 
given unsaturated anhydride or acid 
opens and union is effected in every 
case through the free valences in the 
1,4-position of the hydrocarbon con- 
cerned, whereupon the new double 
bond is formed between atoms 2 and 


3 of the hydrocarbon. 


The numerous products so formed 
are in no way “molecular bindings”, 
but firmly joined and stable. Some of 
them have been identified by com- 
parison with well known substances. 


From maleic anhydride and cyclo- 
pentadiene thus can be obtained in 
quantitative yield endomethylene-3,6- 
tetrahydro-A‘-o-phthalic acid anhy- 
dride (XVI.). 
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The free acid, which is formed by 
warming the anhydride for a short 
time with water, takes up, by catalytic 
hydrogenation, 2 atoms of hydrogen 
and goes over to the cis-endomethy- 
lene-3,6—hexahydro-o-phthalic acid. 
In complete analogy with Baeyer’s 
cis-hexahydro-o-phthalic acid, the 
“endomethylene acid” can also, with 
the greatest ease, be changed over to 
the corresponding trans-compound. 

No less easily and smoothly is it 
possible to bring together the anhy- 
drides of citraconic and itanconic acids 
(XVIII) with cyclopentadiene, bj 
which analogous compounds are 
formed. 


It is also of great interest that 1,2- 
dihydrobenzol (cyclo-hexadiene) com- 
bines with maleic anhydride in the 
same way. The resulting produc 
(XIX) is characterized by bridge 
consisting of two members and cai 
offer interest in the investigation © 
the spatial relationships. After th 
method of O. Aschan and E. Mohr, 
this is seen as a system of rings free 
from strain (XIXa). 


That hydrocarbons of complicated 
structure—so long as they contain the 
characteristic double bond group—are 
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carried to the goal by this reaction, 
unexpected and so unusually smooth- 
running, is illustrated by the be- 
havior of a-phellandrene with maleic 
inhydride. The two materials react 
mmediately with one another at 
oom temperature, and also in this 
case result in a reaction product which 
characterized by one of its two 
members forming a bridge (XX). 
The simplest hydrocarbon with a 
system of conjugated double bonds, 
butadiene, yields nothing to cyclopen- 
tadiene and the other hydrocarbons 
mentioned in capacity for reaction. 


With maleic anhydride it reacts 
with formation of tetra-hydo-A*-o- 
phthalic acid anhydride (XX1). This 
is changed by hot water into the free 
cis-tetra-hydro-A‘-o-phthalic acid. It 
happens that the anhydride obtained 
by us shows considerable difference in 
melting point from the preparation by 
Baeyer. What causes this, we have up 
to now been unable to say; we shall, 
however, spare no trouble to investi- 
gate the reason. From the fact that 
tetra-hydroacid prepared by us goes 
over smoothly to the known cis-hexa- 
hydro-o-phthalic acid, which we have 
dentified as such, through further 
transformation into the likewise 
known trans-acid and through several 
unmistakable derivatives, we must as- 
ume that our anhydride is derived 
from the cis-tetrahydro-A‘-o-phthalic 
ucid. 

For the transformation of the inter- 
esting aromatic compounds formed 
from maleic anhydride and the other 
nsaturated acids mentioned, the two 
itboxyl groups remaining in the ring 
system offer an obstacle whose re- 
moval ought to present considerable 
difficulty. 
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Experimental investigation of the 
problem seems, therefore, important 
and rewarding, whether the formation 
of monobasic acids or their corres- 
ponding aldehydes, according to the 
principle we have discovered, is pos- 
sible. 

The researches carried out accord- 
ing to these directions have led to 
complete success. 


Acrylic acid, as well as acrolein, 
can be added to cyclopentadiene or 
butadiene in the most convenient man- 
ner. 


From acrolein and cyclopentadiene 
there results in a few minutes in the- 
oretical yield endomethylene-2,5-tetra- 
hydro-A*-benzaldehyde which takes 
up 2 atoms of hydrogen and goes over 
into endomethylene-2,5-hexahydro- 
benzaldehyde (XXIll1). 

In this reaction, cyclopentadiene 
can be replaced by butadiene, so that 
there is obtained A*tetrahydro- 
benzaldehyde, whose semicarbazone is 
easily hydrogenized to the corres- 
ponding derivative of hexahydro-benz- 
aldehyde. This itself may then be pre- 
pared by cleavage of the semi-carba- 
zone. 


All the observations and results re- 
ported in the foregoing allow no fur- 
ther doubt as to how the addition of 
suitable systems to hydrocarbons with 
conjugated double bonds proceeds. 


Moreover the result of our researches 
will be not merely to play a part in 
the discussion of many theoretically 
interesting questions, as, for example, 
the method of cleavage in polycyclic 
systems, but apparently also to attain 
a greater significance in a practical 
way. For there appears to us the pos- 
sibility of making synthetic products as 
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complex as the natural products sim- 
ilar to or identical with materials like 
terpene, sesqui-terpene, perhaps also 
alkaloids, in the near future. 

We shall reserve the application of 
the reaction which we have discover- 
ed expressly for the solution of such 
problems. 


It seems to us that our observations 
- * * 


Editor’s Note 


> THE ORIGINAL paper, translated in 
full in the foregoing account, is fol- 
lowed by directions for preparation 
of all the addition compounds men- 
tioned. One of these, representative of 
the others, is translated below. This is 
followed by a contemporary apprecia- 
tion of the value of Diels’ and Alder’s 
discovery. 

Method of Preparation 

> Cis-A‘-Tetrahydro-phthalic acid 
(XXI) from butadiene and maleic 
enhydride. 

2-2.5 g. butadiene, dissolved in 
10 ccm. pure benzol, is mixed with 4 
g. maleic anhydride and allowed to 
stand in a sealed tube for 12 hours, 
after which it is heated for 5 hours on 
a water bath at 100°. After cooling, 
the contents of the tube is a mush of 
snow-white crystals. These are filtered 
with suction and the anhydride of 
tetrahydro-phthalic acid thus obtained 
is purified by repeated crystallization 


Confirmation 

Properties of Conjugated Com- 

pounds, Part VII, The Additive Form- 

ation of Cyclo-Hexenes, by Ernest 

Harold Farmer and Frank Louis 

Warren. Journal of the Chemical So- 
ciety, London, 1929. 
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are important also in biological mat- 
ters. It is quite likely that the building 
up of terpenes and other natural ma- 
terials runs in the same manner, as 
has been shown by us in a long series 
of experiments. For instance, the 
synthesis of dipentene from isoprene, 
carried through experimenta!ly by 
Wallach, may be considered a simple 
example of it. 
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> Two MoLEcuLEs of isoprene com- 
bine to form dipentene by way of the 
Diels-Alder synthesis. 
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from hot ligroin of middle-boiling- 
point grade. The yield is quantitative. 

The compound melts at 103-104°. 
It is easily soluble in the usual organic 
solvents, difficultly soluble in cold 
petroleum ether and ligroin. When it 
is boiled with water it goes into solu 
tion in a short time and, upon cooling, 
the cis-A*‘-tetrahydro-phthalic acid ap 
pears as a mass of shining white crys 
tals which, after recrystallization fron 
water, melt at 166°. 


From England 


Diels and Alder hav 
interpretation of th 


> RECENTLY 


published an 


well-known reaction between p-benzc- 


quinone and cyclopentadiene ani! 


have extended the application of this 
addition to the combination of malei: 
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He > BritisH CHEMISTS formed the series of compounds shown and concluded that 
|. is the correct formula for the product derived from butadiene by the Diels- 
\lder reaction and that other hydrocarbons react in the same way to form 
He products of similar structure. 
om- & oshydride, acraldehyde and similar dienes unite with maleic anhydride to 
the reagents with butadienoid hydrocar- give anhydrocyclohexenes in quantita- 
bons in general. In so doing they have tive yield. All the reaction products 
not only furnished an elegant method are assumed to be analogous to the 
ing- § for the characterization of conjugated compound (I.) derived from  buta- 
‘ive. | hydrocarbons but have brought to hens tadlt lo eh ds ini” 
; ; ty ; ° : ch the presence of 
04°. | notice a type of addition which is Soe sheen: Sonie: Gates anil 
, a six-carbon ring has been definitely 
anic | C“twardly analogous to the poly- tied Wie tiene caine 
cold metic process already mentioned. a eS ee a 
as 9 Since in these additions the difficulties homogeneity of the products and the 
sits which attend the control of purely quantitative nature of the yields ob- 
ing, polymeric processes and the recogni- tainable from the hydrocarbons ex- 
| ap tion of the reaction products thereof amined by Diels and Alder and have 
om are largely absent, the reagents of found the same to hold with other 
a Diels and Alder are admirably suited hydrocarbons. Further, we have dem- 
: to the study of additive behaviour. onstrated that Diels and Alder’s form- 
imploying, therefore, maleic anhy- ula (I.)—the position of the double 
‘ride as an addendum, we have made bond had been assumed—is correct: 
_ observations on the possibility of mod- the anhydride changes smoothly on 
th tying the cyclohexene-forming tend- oxidation into gg’-dicarboxyadipic 
azo. WY: acid. 
ani | Cpen-Chain Butadienes By-Dimethylbutadiene yields the 
this Diels and Alder record that the compound (II.), which is converted 
ialei: § Simple open-chain and cyclic buta- by ozonolysis into the  ketonic 
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acid COMe « CH * CH(CO2H) - CH 
(CO2H) -CH2-COMe, or its cyclised 
equivalent (III.). (alpha zeta) - Di- 
bromo A8 - hexadiene yields (on 
heating with maleic anhydride) a 
crystalline derivative to which the 
formula (IV.) is assigned. This very 
stable anhydride containing only one 
double bond (as determined by hydro- 
genation) yields almost quantitatively 
a dilactone (V.), reducible catalytically 
to the saturated lactone (VI.). The 
latter substance, however, could not 


Hot Gases Origin 


> Tue oceans and the atmosphere 
may still be growing, fed by hot 
volatile gases escaping from the 
earth’s interior. 


This is the startling new theory of 
one of the nation’s top geologists, Dr. 
William W. Rubey of the U. S. Geo- 
logical Survey. But don’t look for a 
world-wide flood tomorrow. The pro- 
cess is extremely slow. It has been go- 
ing on since the dawn of geological 
history, Dr. Rubey suggests. 


As outgoing president of the Geo- 
logical Society of America, Dr. Rubey 
presented his new concept of the or- 
igin of the oceans and the air to 2,000 
geologists from the United States, 
Canada and Mexico meeting in Wash- 
ington. 


Minerals and fossils in ancient rocks 
show that the composition of sea 
water and atmosphere has varied only 
slightly since early geologic time. 
Some materials in the earth’s sedi- 
ments, air and oceans are much too 
profuse to be explained simply by the 
weathering of rocks, he said. These in- 
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be successfully oxidised to hexahydro- 
prehnitic acid for direct comparison 
with specimens obtained in the ways 
described below. 

From these experiments and others 
carried out as a routine check on the 
purity of hydrocarbon samples, ther 
is every reason to believe that cyclu 
hexene formation from open-chain 
butadienes is complete and remains 
unaffected (except as regards velocity 
of reaction) by variation of the posi- 
tion of the alkyl substituents. 


of Ocean and Air 


clude water, carbon, chlorine, nitroger 
and sulfur. They are among the volz 
tile elements. 

The relative amounts of these “ex- 
cess” volatiles correspond closely t 
those in gases from volcanoes and hc 
springs and trapped in once-molten 
rocks, Dr. Rubey said, closely enough 
to suggest that the ocean and atmos- 
phere may have come from such gases. 
Older geologic theories make the earth 
originally a mass of molten or gaseous 
material. If this were true, the “excess 
volatiles” probably condensed from a 
primitive atmosphere. 

But advancing knowledge in seis 
mology and geochemistry makes it 
increasingly difficult to retain the con 
cept of an originally molten earth. | 
the oceans and the air came from th 
interior of the earth, on the othe 
hand, it would imply that their over- 
all volume has grown steadily over 
the ages. This is backed up by gec- 
logic evidence, Dr. Rubey said. Th: 
ocean basins have been progressively 
sinking, necessarily meaning a greatcr 
amount of water to fill them. 
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What are the Facts? 


What is the Hydrogen Bomb? 


Where are the Protons and Neutrons in the Nucleus? 


tiow does Electron Structure account for the Elements? 


When were Mesons discovered and what do we know about them? 


Why is Atomic Power not practical now, and what is necessary 
to make it so? 
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srings you the constructive side of nuclear science, from CHEM- 
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want in the field of atomic science, 


BRIEF _ COMPACT AUTHORITATIVE 


The reference book you need for laboratory, class room, library. 
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